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ENZYMES MIXTUR E 

FjELD OF THE INVENTION 

The present invention relates to a: novel micro-organism, new enzymes and new 
enzymes mixture, in addition, the present invention relates to the composition of the 
enzymes mixum its preparation and its use in feed, food and other industries deluding 
but not limited to the paper industry and the textile industry. 

BACKGRO UND OF THE INV E NTION 

Enzymes have been used for a long time for a variety of different industrial; 
applications. Examples are known in the baking industry, In the wine and fruit juices 
industry (where enzymes are used to breakdown pectins arid fTglucansi, in trie textile 
industry (where celiutases are used to obtain soft and smooth oeiiulosic fabrics) and also, 
which is not the least application, for animal feed, in this case trie enzymes Improve the 
digestibility of vegetable sources. 

This last use enables trie livestock to digest feed more efficiently. Trie value of a 
feed can be measured by the FOR (Feed Conversion Ratto), a nutritive ratio of the 
amount of feed consumed relative to the weight gain of the animals A. decrease in FCR, 
for a feed, indicates the animal gains proportionately more weight for a given quantity of 
feed ; I.e. the animal Is able to utilize the feed more efficiently. 

Poor digestibility of the feed components (starch, fat, protein/ammo acids) is a 
noted feature of cereal-based feeds and, for example, particularly those containing a 
high barley or wheat content. In these cases if may be necessary to formulate the feed to 
contain higher levels of energy from other sources and ether supplements such as amino 
acids. These enzymes increase the Apparent Metaboiizabie Energy value ol the cereals 
incorporated into the Feed. 

Another approach to resolve this problem has been to add enzyme supplements, 
ceilulases. erido-IJt^-fl-glooanases (n-giucanases}. ertdb^ 1,4-tVxyfanases (xylanases) 
etc., or mixtures of enzyme adtiv^es.jttl^se.^mal^assd'-leecfe- Enzyme supplements 
may have a specific use to riydrolyze the p-ojucans, or to hydroiyse trie arabinoxylans, 
found in the cereals (typically barley and wheat). The addition of enzymes has different! 
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goals. One advantage- which clearly proves tee efficacy of feed enzyme supplements j S 
the reduction in viscosity of materials ifi the ?gut of the animals which receive 
cereal-based feed containing the appropriate enzyme supplement. The higher viscosity is 
due, in part, to B-giucans and arabinoxyians found in barley and wheat. The lower 
viscosity, resulting from enzyme action, permits an easier absorption of nutritions* 
components in the animal's gut The other advantage is the release of nutrients 
entrapped by the cell wails of the cereals decreasing the requirement for other costly 
feed supplements. Overall the result is a significant reduction in the cos? of the feed with 
a similar or beneficial effect as measured by the FOR 

Enzymes preparations originating from a range of different micro-organisms have 
been described to improve feed digestibility. 

if we consider prior art related to the use of enzymes in the animal feed we can 
mention the European Patent No 0.839.782 which describes use of a phytase issued 
from Scfrwmntemycm ocdd&ntaHs. This phytase Is a phytase obtained from genetically 
modified organism obtained by including cloned gene that we would JiNe to avoid in the 
present invention 

If we consider the WG 35/28308 patent application, again a modified eefiulase is 
obtained by inclusion of foreign DNA sequence in an host ceil which modifies the nature 
of the original strain which is chosen in the following list of micro-organisms : Saor/tos, 
Sfreptemyces, SaccfraromycBS, $chizo$aGcharomyces s Aspergillus. In the present 
invention our main aim was to avoid foreign gene inclusion In the micro-organism which 
is the producer of the enzyme. 

In the WO 88/05739 patent application, a mixture of enzymes fxylanase, protease 
and, optionally, a-giucanase) is obtained from different micro-organisms. The authors 
give example (page 5} of enzymes mixture with a ratio of xylanase activity to 8-giucanase 
activity of the order of 1:5. If has been found that when a xylanase is included in a 
cereal-based diet at or around Its optimum dosage level, the co-presence of enzymes 
possessing iS-glueanase activity increase the PGR of the feed which is of course 
disadvantageous. Consequently the authors advise against the presence of p-glucanase, 
they recommend a maximum ratio of xylanase activity to b~glueanase activity of 1 : 0 - 
0.25. 
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in some cases, in order to ensure ail the enzyme activities relevant & the feed 
application are present, preparations are img& up from preparations from more than one 
micro-organism. In a number of oases the enzyme preparations have been obtained 
from microorganisms subjected io genetic modification using recombinant DMA 
techniques. 

We have discovered and developed a new micro-organism belonging to the class 
of P&nidiiium funicuiosom, that contains new enzymes and a mixture of enzyme activities 
which can be used successfully to increase mainly the digestibility of cereal-based 
animal feeds. 



SUMMARY OF THE INVENTION 

Accordingly, the present invention relates to a new micro-organism derived from 
Pmmitmw furmufasum and a method for cultivating this micro-organism and for 
recovering trie enzymes produced by this .■micro-organism. 

In addition, in accordance with this invention, there are provided new .enzymes 
issued from this micro-organism, nucleic acid sequences therefrom and new 
compositions containing those enzymes, 

Further, in accordance with this Invention, there is provided a method for 
improving the digestibility of amlnoacids and cereal-based animal feeds and amino acids. 

Another subject of the present invention Is the reduction of phosphorus excretion 
and ammonia excretion from the battery where animals are fed. 

DETAILED DESCRIPTION OF THE INVENTION 
A, The new strain P&niciliium fimicutosum 

This new strain of the fungus Panicmum itmmutosum is deposited under the number M\ 
378538 in a recognized Internationa! Depositary Authority under the Budapest Treaty 
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(1077}, the Internationa! Ivlyeologicai Institute {IMth Bakaham Lane, Engiefieid Green. 
Egham, Surrey, TW20 8TY, UK. 

Station 

The new strain has been obtained from P&nist&ium funimfasum Ml 134788 after 
successive UV and p-irradiations treatment of spores, including screening on selective 
medium. No genetic modification has been obtained by recombinant DNA techniques 
using inclusion of foreign DMA or RMA. 

identification and typing 

PenicMum funicubsvm EMI 378536 has been characterised by growth on Czapek Dox 
agar at 25 Colony characteristics and micro- morphology are typical tor P&nicmum 
funiculasum. The identification of the micro-organism as a Penidlikm funicuiosum has 
been confirmed at the International Mycologist institute, Sakaham lane, Engtefietd 
Green, Egham, Surrey, TW20 9TY, UK. Growth is as a tough basal feit, with aerial 
grov^h, as ropes or bundles of hyphae {funicuiose}, mycelium is white with underlying red 
colouration In the substrate, margins are reverse pale but coloured red towards centres 
and may become dees red. Tbis peniciiiium is typical, II shows conidlophores short 
mostly arising from funicies, bivertiesfiate, acerose conidiogenous ceils, comdia are 
elliptical and smooth. 

The micro-organism used for the production of the enzyme preparation of this invention 
is grown under aerobic conditions in a medium which contains cellulose, corn steep 
liquor, calcium carbonate and ammonium sulphate, 

8, Process of fermentation 

This new fungus is manufactured by fermentation of the deposited strain first on a seed 
medium preferably constituted of (in weight) ; 
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corn steep liquor l % to 4 % 

anfifoam justto; avoid foam 



to 100% 

■ Na0H enough to adjust the pH to about pH 3.0 to 

8 0 before sterilisation of the medium ; 
Temperature of incubation 27 *C to 38 "C. 

The production medium has preferably ibe following constitution (in weight) : 
•• corn steep liquor 0 to 4,0 % 

- batched and fed cellulose 0,8 to 14 % 
-Casaii 0to08% 

■ Ammonium sulfate o to 1 $ % 
-Antifoam just to avoid foam 

- water enough to obtain i GO % 

-NaOH enough to adjust the pH to about pH 3,0 to 

6.0 before sterilisation of the medium ;■ 

- HgSO* enough to maintain the pH to about 3.0 to 

8.0; 

- Ammonia as gas or liquid enough to maintain the pH to about pH 3.0 

to 6.0 ; 

Temperature of incubation 2? *C to 38 »C, 

For the fermentation, charge the lermenter with suffesem water, add the ingredients to 
water in suitable agitated container, stir until the ingredients have dissolved. Sterilise by 
sealing the tormentor and raising the content to typically 121*0. The fermentation vessel 
Is inoculated with the seed tormentor. 

The main source of carbon which is aetoed during the process of fermentation is 
cellulose ; amongst different cellulose sources vm prefer to use AR80CEL 
SOLXAFLOa CLAROGEL At PH AC EL RBRAGEL with different grades. 

The pH during the fermentation is preferably a»iied by the addition of sulphuric acid, 
Of another acid, and ammonia, in §as or j|rt:-|bm. : or another base. 
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At the end of the ferroentaisbh time, eliminate solids by solid-liquid separation such as 
filtration or centniugation, collect the liquid phase and concentrate for example by 
ultrafiltration on organic or mineral membrane. 

These enzymes may also be manufactured from means of recombinant DMA technology 
and thus be produced by recombinant homoiegous species or heterologous species. The 
host for fits transfer of the gene coding for the enzyme may be selected from a fungal 
species, a bacterial ceil or a plant eel Any conventional technique may be used to Insert 
the gene encoding the enzyme of interest in the host ceil such as piasmids (integrative or 
no!), phage vectors and viral vectors. The PmkMum funbulosum comprising 
heterologous genes inclusion or modification of the genome with homologous genes by 
Inclusion, deletion or modification of said homologous gene are also part of this 



In accordance with toe invention the enzyme may be provided as an isolated pure 
enzyme preparation or as a crude preparation auch as the cultivation medium in which. 
Penjciitium fimmiosum has been grown. 

tf may be also possible to include this or those enzymes in compositions containing one 
further enzyme, the type of which depending on the intended use of the composition. The 
added enzymes may be selected horn for example carbonydrases, lipases and 
proteases. 

C, Compositions of the « mixture of enzyme activities » 

1, Liquid composition 

For liquid composition, after addition of antimicrobial agents measurement of the 
concentration of enzymes and correct dilution to product strength Is carried out. 

The preferred composition of the liquid solution by weight is the following : 
- Microbial products as total organic solids 4 % ~ 10 % 



invention. 



- antimicrobial agent 



0.00$% - 0,35% 
0,01% -0.25% 



preferentially 



- sorbitol 



20% •• 50 % 



-eventually antifteezing agents 



0-40% 
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more preferably 

- Concentrated filtered fermentation broth 

- Buffered and adjusted to pH 3 to 5 



0.3 to 75 % 



15% - 40% 



Antimicrobial are chosen from products such as sorbie acid and sails, benzoic acid and 
sails, methyl ^hydroxybenzoate and mpfbpyl 4»hydroxybenzoate t fumade acid, sails and 
esters. Suits such as sodium chloride or potassium ebioride could also be used. 



2. Powder composition 

For powder preparations, the concentrated solution obtained is dried with evemuaily the 
presence of a carrier, The powder obtained after drying of the concentrated solution in 
absence of a carder can be fudher mixed with a suitable earner, 

The preferred composition of the powder form is the following : 



Preferred carriers are chosen from wheat flour, starch, gypsum, maitodextrin, corn 
solids, by-products from cereal processing such as maize grits, wheat middlings, wheat 
bran, rye tailings, minerals mixture. 



We obtain a new enzymes mixture produced by P&nidimm fmmlmom < This enzymes 
mixture contains new enzymes such as celfulascs, !>ajueanases, xylanases, xylanase 
accessory enzymes such as arabinofuranosidase and ferutoyi esterases. 



The most preferred anti-freezing agents are 1,2 -propandioi. ethylene glycol, glycerol 



- Microbial products as iota! organic solids 
•• Carrier 

- other dried fermentation broth components 



16% - 4:0 % 

59 % -■ 83; % 




O. Enzyme characteristics 
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i . Procedure 

The enzyme preparation Is characterised by assays, that include assays for 
oefiuiase, cefiobtohydroiase, p-giucoskfese, endo-13{4}-p-giucanase, iaminafinase endo- 
1,4^-xylanase (using different substrates), t>xyi08ldase, arafoinofuranosldase and 
feruioyl esterase (using different substrates) activities. 

1,1. Ceiiviase by DNS CMC mthoti 

The assay for cellular activity is based on the enzymatic hydrolysis of the 
giyeosidie bonds in carboxymethyieeliulose (CMC), a $-1.4 giucan. The products of the 
reaction, {M ,4 giucan oligosaccharides, are determined by the resulting increase in 
reducing value (as glucose), 

A solution containing 1 mi of a 1 %(w/v) CMC solution in 0.1 M sodium acetate 
buffer, pH 5,0 (or at different pH values); 1 mi of approprialoiy diluted enzyme solution 
was incubated at SO *C for to minutes. The enzyme reaction Is stopped by fhea^itfon 
of 2 ml of a DNS solution (1 %(w/v) 3 s S<1inltrosailcy!lc acid, 18%{w/v) sodium 
hydroxide, 30%(w/v) potassium sodium (^^artrate in distilled water). The solution is 
mixed and plaoad Imo a boiling water bath, 95 *C minimum, for 5 minutes then copied to 
25 °C. 10 ml distilled water is added to the solution and the abserbance is measured at 
540 nm using a 2 cm path length glass celt 

The result is converted to umoies reducing sugar (as glucose) by comparison with 
a standard curve lor 2 mi of 0,00 • 0.04 %{w/v) glucose solutions treated with DIMS 
solution in an equivalent manner. 

The observed enzyme reaction abserbance is corrected for non-specific 
absorbance by carrying out a reaction In which the DNS solution is added to the mixture 
before the enzyme solution. One unit of eeifuiase activity is defined as the amount of 
enzyme which produces 1 umoie glucose eqalvaients,min' s under the conditions of the 
assay (50 "C and pH 5,0 or other pH), 
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1.2 GQliobiahydrotase by the 

The assay of eaSIobiohybroiase is based on the enzymatic hydrolysis of p- 
nftrophenyi s-D-celidbiopyranosi^ A pmM, <* the reaction, pnitropbenoi is 
determined eolorlmetrically. 

A solution containing t ml of a 0,1 %{w/v) p-nltropheiiyi p-D-celiobiopyranostcte m 
distilled water; 1 mi distilled water: 1 mi QM sodium acetate buffer, pH 5.0; 1 mi of 
appropriately diluted enzyme solution was incubated at 50 °C for 30 minutes. The 
enzyme reaction is stopped by the addition of 4 ml of G,4M glycine solution. The solution 
is mixed and cooled to 20 *C. The absorbance is measured at 400 nm using a t cm path 
length glass cell. 

The result is converted to umoles p-nitrophenoi by comparison with the molar 
extension coefficient of p-nitrophenol under these conditions. 

The observed enzyme reaction absorbance is corrected for non-specific 
absorbance by carrying out a reaction in which the glycine .solution is added to the 
mixture before the enzyme solution. One unit of ceiiobionydroiase activity is defined as 
the amount of enzyme which produces 1 M moie p-nitrophenol from p-nitrophenyi 
celleplopyranoside per minute under the conditions of the assay (50 *C and pH 5,0), 

1.3$-G}ucosiclase byih® frn$ra^nyl$~D-0jt(x®ymm$iti® method 

The assay of p-giuoosidase is based on the enzymatic hydrolysis of p-nitrophenyi 
a-D-giucopyranoside. A product of the reaction, p-nitrppheno! Is determined 
coiorinietricaily. 

A -solution containing 1 ml of a 0,1 %{w/v) p-nfirophenyl p-0~glueopyranoside In 
distilled water; 1 ml distilled water; t mi Q2M sodium acetate buffer, pH 5.0; 1 mi of 
appropriately diluted enzyme solution; was Incubated at 50 C P for 30 minutes. The 
enzyme reaction is stopped by the addition of .4 ml of 0.4M glycine solution. The solution 
is mixed and cooled to 20 °C, The absorbance is measured at 400 nm using a 1 cm path 
length glass cell. 

The result is convened to >*motes p-nitrophenol by comparison with the molar 
extenction coefficient el p-nitrophenoi under these conditions. 
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The observed enzyme reaction absorbanee is corrected for non-specific 
absorbanee by carrying out a reaction in which the giycsne solution is added to the 
mixture before the enzyme solution. One unit of £-g!uccsidase activity Is defined as the 
amount of enzyme which produces temple p-nitrophenoi from p-nitrophenyl 3 
-D-glucopyranoside per minute under the conditions of; the assay {SO °C and pH 5,0). 

1.4, End®- 1>${4}-ii -giummm by tim QNBmi&y^~giucan method 

An assay for endo-t3(4)-fi-glucanase activity is based en the enzymatic 
hydrolysis of the glycoside bonds in barley p-oiucan, a 6-UC4)'giucan. The products of 
the reaction, |M,3(4)-giucan oligosaccharides, are determined by the resulting increase 
in reducing value (as glucose), 

A solution containing 1 mi of a 1 %(w/v) barley p-giucan solution in 0.1 M sodium 
acetate buffer, pH 6.0 (or at different pH values}; i ml of appropriately diluted enzyme 
solution Was incubated at SO for 10 minutes. The enzyme reaction is stopped by the 
addition of 2 mi of a DNS solution (1 %(w/v) 3.5-dinitmsalicyiic acid, iM %imv} sodium 
hydroxide, 30 %{w/y} potassium sodium (H-tartrate in distilled water). The solution Is 
mixed and placed into a being water Path < 95 !> C minimum, for 5 minutes then cooled to 
28 °C. 10 ml distilled water is added to the solution and the absorbanee is measured at 
540 nm using a 2 cm path length glass cell. 

The result is convened to urnoies reducing sugar (as glucose) by comparison with 
a standard curve for 2 mi of 0,00 - 0.04 %(w/v) glucose solutions treated with BUS 
solution in an equivalent manner. 

The observed enzyme reaction absorbanee is corrected for non-specific 
absorbanee by carrying out a reaction in which the DNS solution is added to the mixture 
before the enzyme solution. One unit of endo-1 ,3?4)-p-glucanase activity is defined as 
the amount of enzyme which produces 1 limole glucose equivafents.mln' 1 under the 
conditions of the assay (50 -C and pH 5.0 or other pH), 
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An assay for endo-l s 3(4}^~g!ueanasas activity is based on the enzymatic 
hydrolysis of a barley p™giuean which has a bound ahromophore (azo-barley a~glucan*. 
The products of the reaction, oligomers that are soluble after ethanoi precipitation, are 
determined by the resulting increase In absorbance at 590 nm. 

A solution containing 0.8 ml or azo bahey p-giucan substrate {ready-to- use form) 
and 0.2 mi of enzyme dilution {containing between 0,15 to 0.80 unte.mr 1 in 0.0 tM 
sodium acetate buffer, pH 4.8} was incubated at 30 e C for 20 minutes exactly. The 
enzyme reaction is stopped by the addition of 2.S ml of Precipitation Solution {containing 
18.1 g sodium acetate and 3.0 g zinc mixed In 300 ml of glass distilled water, pH 
adjusted topH 5.0 with hydrochloric acid, transfer contents to a 1 { volumetric flask and 
make up to volume with 36 % v/v etnanol). The solution is mixed and allowed to stand at 
room temperature for 10 minutes. The solution is transfered in centrifuge tuba and 
cenfrifuged at 1000 g for 10 minutes in a benchtop centrifuge, The absorbance: of the 
supernatant is measured at 590 nm using a l cm path length glass cell, 

The observed enzyme reaction absorbance Is corrected for non-specific 
absorbance by carrying out a reaction in which the Precipitation Solution is added to the 
mixture before the enzyme solution. One unit of ©hdo*1 ! 3{4}-p^lueanase activity is 
defined as the amount of enzyme which hydropses the substrate to give an absorbance 
of 0 MQ units at 590 nm, using a standard substrate, under the conditions of the assay 
{30 a C and pH 4,6). 

1.$, Lamlmrlmm- (mtfo* 1,3~p -giucanamjb? the ONS lamimrin method' 

The assay tor famiuarinase {endo-lj^^glucanase} activity is based on the 
enzymatic hydrolysis of the giycosidic bonds in faminaha a j3~13--giuean. The products 
of the reaction, 3-1 .3-giucan oligosaccharides, are determined by the resulting increase 
in reducing value (as glucose), 

A solution containing 1 ml of a 1 %{w/v) laminahn solution in 0.1 M sodium acetate 
buffer, pH 5,0; 1 ml of appropnaleiy diluted enzyme solution was incubated at 30 °C for 
10 minutes. The enzyme reaction Is stopped by the addition of 2 ml of a DNS solution 
(1 %(w/v) SS-dinffrosalieylie acid, 1.6 %{w/y) sodium hydroxide, 39 %(w/v) potassium 
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sodium (-^tartrate in distilled water). The solution m mixed ana placed into a boiling 
water bath.. 95 *C mfoimam, lor 5 minutes then cooled to 2$-«C> 10 ml distilled water Is 
added lo the solution and the absorbance is measured at 540 nm using a .2 cm path 
length glass ceil. 

The result is converted to umotes reducing sugar (as glucose) by comparison with 
a standard curve for 2 ml of 0.00 - 0,Q4%|wM glucose solutions treated with DNS 
solution in an equivalent manner. 

The observed enzyme reaction absbrpafice is- corrected for non-speciffc 
absorbance by carrying cut a reaction in which the DNS solution Is added to the mixture 
before the enzyme solution. One unit of laminarinase activity Is defined as the amount of 
enzyme which produces 1 ymole glucose equivalents,?!)^' 1 under the conditions of the 
assay (50 *C and pH 5.05. 

1.7, Ehd&t4# ~xyiana$?fy,thB DNS bkchwoad xyian method 

An assay for endp-1 ,4«p-xy|ariase activity is based on the enzymatic hydrolysis of 
the xylpsidie bonds in birchwood xylan, a B-M-xylam The products of the reaction, fi-1,4~ 
xyian oligosaccharides are determined... by the resuiting Increase in reducing value (as 
xylose). 

A solution containing 1 mi of a t %{w/v) birchwood xylan solution in 0.1 M sodium 
acetate buffer, pH S.O lor at different pM values); i mi of appropriately diluted enzyme 
solution was incubated at 50 *C for 10 minute. The enzyme reaction is stopped by the 
addition of 2 mi of a DNS solution (1 %(w/v) 3,S-dtN|rosalicyiic acid, 1 .6 %(w/V) sodium 
hydroxide, 30 %{w/v) potassium sodium (-s-)-tartrale In distilled wafer). The solution is 
mixed and placed into a boiling water bath. 95 a C minimum, for 5 minutes then cooled to 
2§ *C. 10 ml distilled water Is added to the solution and the absorbance is measured at 
540 mm using a 2 cm path length glass ceil. 

The result is converted to umoles reducing sugar (as xylose) by comparison with 
a standard curve for 2 mi of 0.00 - Q$3 %{w/v) xylose solutions treated with DNS solution 
In an equivalent manner. 

The observed enzyme reaction absorbance: is corrected for non-specific 
absorbance by carrying out a reaction in which the DNS solution is added to the mixture 
before the enzyme solution. One unit of endo-t^xyianase activity is defined as the 
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amount of enzyme which produces 1 pxnom xylose equivalents, m in 1 under the 
conditions of the assay (50 *C and pH 5,0 pr other pH), 

t& Endo-jA ^ -'Xylamse by the. DNS whmi wahimxytgt? method 

An assay for endo-i Mkxylm&m activsfy Is based on the enzymatic hydrolysis of 
the xylosidic bonds in wheat arahlnoxylan, an arahinose substituted ^M-Kyiart. The 
products of the reaction, arabino-p-l^-xylan oligosaccharides are determined by the 
resulting increase in reducing value (as xylose). 

A solution containing 1 mi of a 1 %{w/v) wheat arahlnoxylan solution in 0.1 M 
sodium acetate buffer, pH 5.0 for at different pH values); 1 mi of appropriately diluted- 
enzyme solution was incubated at 50 for 10 minutes. The enzyme reaction is stopped 
by the addition of 2 mi of a ONS solution (i %(w/V) 3,5-dinitrosalidyllc adid, 1.6:%(wM 
sodium hydroxide, 30 %{w/v) potassium sodium (H-tadtate in distilled water). The 
solution is mixed and placed into a boiling water bath, 95 *C minimum, for S minutes then 
cooled Id 25 X; 10 ml distilled water is added to the solution and the. absorbance is 
measured at 540 nm using a 2 em path length glass ceil. 

The result is convened to umoies reducing sugar (as xylose) by comparison with 
a standard curve for 2 ml of 0.00 - 0,03 %(wM xy lose solutions treated with DNS solution 
in an equivalent manner. 

The observed enzyme reaction absorbance is corrected for non-specific 
absorbance by carrying out a reaction in which the DNS solution is added to the mixture 
before the enzyme solution. One unit of endo- 1 : 4-fVxyiaoase activity is defined as the 
amount of enzyme which produces 1 amole xylose equlvalents.min"' under the 
conditions of the assay (50 C C and pH 5,0 or other pH). 

1<9. &Klo~h4S'Xyiana$e by the viscomethc wheat ambaxytan method 

An assay for endo--i.4~fi-xylaoase activity is based on the enzymatic hydrolysis of 
a standard wheat arabinoxylan soietisn, the activity being determined by the reduction in 
relative viscosity against time. 
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A solution containing 1 ml of a 1 %(w/V) wheat arabinoxylao solution in 0.1 M 
sodium acetate buffer, pH 5 J {or at different pH values): 3 mi distilled water and 1 mi of 
appropriately diluted enzyme solution is in|oqtsd into a Haake mierovlseomefer (using a 
gold ball calibrated to 0.1 - 2.0 mPa.s) and the hall drop time measured (In me over 
the defined drop length) every- 30 seconds over a period of 1 5 - 20 minutes at 30 °C. 
Mean bail drop times are measured for water (S mj distilled water) and substrate (i mi of 
a 1 %(w/v) wheat arahinoxylan solution in 0.TM sodium acetate buffer, pH 5.5 and 4 ml 
distilled water) as T^ mr and respectively. Controls are measured in an equivalent 

manner. The relative fluidity (f,) is calculated for each value of t mt as follows: 

T T 

Ttg&t — TmgiH 

The slope of a plot of F f against time (the elapsed time at which each measurement of 
Wis made) is calculated in relative fluidity change per minute CAfhmin 5 } and is 
proportional to the enzyme concentration. One unit of endo-l Ap'xySanase activity is 
defined as the amount of enzyme which will hydroiyse the substrate, reducing the viscosity 
of the solution, to give a Changs in relative fluidity of 1 fdimensiorsiess unitj.min' 1 under the 
conditions of the assay (30 c O and pH 6.5 or other pH). 



1. to $~.Xyiasid$$0 by the p-nitmph&nyl fr-D-xyfapytanosm method 

The assay of p-xyiosidase is based on the enzymatic hydrolysis of p- nitropbenyl p 
-D-xytopyranoslda. A product of the reaction, o-nitrophenoi is determined coiorimethcaily. 

A solution containing 1 ml of a 0,1 %(vv/v) p-nltropheny! p-D-xylopyranoside in 
distilled water; 1 ml distilled water; l ml 0.2M sodium acetate buffer. pH 5.0; 1 ml of 
appropriately diluted enzyme solution was incubated at 50 "C for 30 minutes. The 
enzyme reaction is stopped by the addition of 4 ml of &4M glycine solution. The solution 
is mixed and cooled to 20*0. The absorbance is measured at 400 nrh using a 1 cm path 
length glass cell. 



SUBSTITUTE SliEET ( mlt 26 ) 



WO §9/57325 



IS 

the result is converted to jimoies p-nitrophenol by comparison with the molar 
extinction coefficient of p-nitrophenof under these conditions. 

Trio observed enzyme reaction absorbance is corrected for non-specific 
absorbance by carrying out a reac&Ki in which the glycine solution is added to tm 
mixture before the enzyme solution. One unit of xyioeiciase activity is defined as the 
amount pi enzyme which produces 1 ^ole ^nitrephenoi from p-rutrophenyl B 
-D-xylopyranoside per minute under the conditions of the assay (50 :> C and pH 5.0), 

1. 11 a-N-Afabinofuramsia'ase by the frnti^tmayitirl-anMmfurmosm method 

The assay of a-N-araninofuranosidase (arabinoturanosidase) is based en trie 
enzymatic hydrolysis of pmittophenyl «-t-arabinofuranoside. A product of the reaction, 
p-nitfophenoi is determined colohmetricaiiy, 

A solution containing 1 ml of a CM %{w/v) p-nstrophenyi a-l-arabinofyranoside in 
distilled water; 1 mi distilled water; 1 mi 0.2M sodium acetate buffer, pH 5.0; 1 ml of 
appropriately diluted enzyme solution was incubated at 50 *C for 30 minutes. The 
enzyme reaction is stopped by the addition of 4 mi of QAM glycine solution. The solution 
is mixed and cooled to 20 «C. The absorbance is measured at 400 nm using a i cm path 
length glass cell. 

The result is converted to umoias p-nitrophenoi by comparison with the molar 
extinction coefficient of p-nitrophenol under these conditions. 

The observed enzyme reaction absorbance is corrected for non-specific 
absorbance by carrying out a reaction in which the giycine solution is added to the 
mixture before the enzyme solution. One unit of arabinoturanosidase activity is defined 
as the amount of enzyme which produces 1 ^mole pmitrophenol from p-nitrophenyl a 
-L-araOinofaraooslde per minute under the conditions of the assay (50 *C and pH 5.0}. 

h 13 Feruioy! esterase by the FAXg method 

An assay of feruioyi esterase (ferulic acid esterase) is based on the enzymatic 
hydrolysis of 0-[S^CPa7SHfem^^ 

~»4}-D-xyiopyran©se (FAXX). FAXX is prepared from enzyme-hybrofysed wheat bran, 
purified and characterised by NMR-. FAXSC hydrolysis Is measured spectophotometricaiiy, 
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The enzyme reaction is followed at 325 nm, using a i cm path length cell in 
solution containing G.OSOmM FAXX in G.TM MOPS buffer, pH 6.0 at 3? °C. 

One unit of feruioyi esterase activity on FAXX is defined as the amount of enzyme 
which converts 1 umole substrate to product per minute under the conditions of the 
assay (37 X- and pH 6.0), 

1. 13 Famiay! esterase by the ArapF method 

An assay of feruioyi esterase (feruiic acid esterase) is based on the enzymatic 
hydrolysis of Ara# {feruiic acid linked 1,2 to arabinose), ArasF is prepared from enzyme- 
hydroiyseti sugar beet pulp, purified and characterised by NrvlR. Ara a F hydrolysis is 
measured spectophoiomet ricaity . 

The enzyme reaction Is followed at 325 nm, using a 1 cm path length cell, In 
solution containing Q.OSOmM Ara# In 0.1M MOPS buffer, pH 6>0 aiBT C G. 

One unit of leruicyl esterase aotiv% on Ara# is defined as the amount of anayma 
which converts t ^imole substrate to product per minute under the conditions of the 
assay (37 °C and pH 8,0}. 

1 14 Feruioyi esterase by the hydrolysis of methyl esters: methyl feruiic acid {MFA}; 
methyl caffeic add (MCA); methyl sinapic add (MSA): methyl p-ooumahc mid (MpCA} 
methods 

An assay of feruioyi esterase (femlic acid esterase) is based on the enzymatic 
hydrolysis of methyl esters of feruiic acid {MFA}, caffeic acid (MCA), sinapic acid (MSA; 
and p-coumanc acid (MpCA). Meihyl ester hydrolysss is measured in 0,1. M MOPS duffer, 
pH 8.0 at 37 *C, Assays are based on two different techniques. 

In the speotrophotometric method the methyl ester substrate concentration is 
&10mM and ester hydrolysis is followed at 325 nm using a 1 cm path length ceil, in this 
method the initial substrate concentration is limited, 

in the BPIC method, the methyl ester substrate concentration is l.OmM and ester 
hydrolysis is followed at by measuring the release of free acid by HPLC after 10-30 
minute intervals, in this method there is no limit over substrate concentration and 
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activities measured am considerably hiper than those tor the spectrophotometry 
method. 

One unit of ferufoyi esterase activity is defined as the amount of enzyme which 
converts i ymole substrate to product per minute under the conditions of me assay 
(37 X and pH 8.0). 

1JS Protein concemnwon by modified Bradford Coomassis htue~binaing protein assay 

The assay of protein concentration is based on the modified Bradford Coomassie 
blue-binding protein assay using Bfliartf Blue G (Coomassie blue) measured in a 
spectrophotometer at 595 nm using j cm light path glass cuvettes. The method (Sigma 
8 6916) is standardised using Bovine Serum Albumin (Sigma P 0914k 

1<fS isoelectric • point by isoelectric focusing- 

Isoelectric points of proteins are determined by standard methods using pre-oasf 
vertical 5% polyacryiamide gels such as gets from NQVEX* for pH 3 ■ 10 (pi 
performance range 3.5 - 8.5) or pH 3 - 7 (pi performance range 3.0 - 8.5} in the NOVEX* 
XCpf fp- ^|ni-0«|!. «OVEX# eaihOfife, anode and 1EF sample buffers for pH 3- 10 or pH 
3 - 7 are used. NOVEX# standard protocol tor isoelectric focusing, fixing, staining with 
Coomassie R-250 Slue Stain, and destaging are used. 

1 1 7 SDS-PAGE {sodium dad&cyisuiphats poIyacrykmkM get eictropboresis) 

Analytical separation and molecular weight determination of proteins are carried 
out standard SOS-PAGE methods, Pre-east NOVEX* NuPAGE™ gels (NuPAGE™ Bis- 
Tris gels or NuPAGE™ Trie-Acetate gels with M3VEX* recommended running buffers} 
are used in the NOVEX*> XCell IP* Mini-Ceil. NQVEX* sample preparation and running 
buffers, and molecular weight standards are used, standard protocol tor SD3- 

PAGE, fixing, staining with Coomassie R-250 Blue Stain, and destaining are used, 
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2. Results on the enzymes mixture 
2, 1, Optimal pH 

2, 11, Activity endo- 1 :3{4H>gluoanase 

The assay of endo-t 5 3{4J^-giucanase from Pmi&iiwm funicuiosum was carried 
out under standard conditions at SO C C using the DNS barley fl-giucari method, Enzyme 
activity was measured between pH 3,0 and pH 7.0. The optima! pH for enzyme activity is 
pH 4.0 - 5.0. 



>0H 


Activity 


(SUvmr} 




3 


325 


42 


4 


761 


98 


§ 


775 


100 


6 


507 


68 


7 


152 


20 



2,1,2.. Activity endo-d 5 4-p~xy!anase 

The assay of encfcM ,4-^-xylanase from P&mdiiiom funicuiosum was carried out 
under standard conditions at 50 *C using the DNS blrehwood xylan method-. 



pH 


Activity 


f!U.mi' : ) 


(%) 


2,0 


35S8 


37 


2.8 


6700 


70 


3.0 


8411 


88 


3,0 


8113 


85 




9582 


100 




8d23 


89 


4.0 


8510 


89 


5,0 


5544 


58 


5,5 


3522 


37 


8,0 


2190 


23 


7.0 


1103 
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2,2. Optimaimmpemtam 

2,2.1, Activity endeM ,3{4}-p-glucanas8 

The assay of 0ocfe~l ! 3{4}-^-giycanas^ from Pmminum funicutosum was earned 
out under standard conditions at pH 5/0 (the optimal pN for this enzyme) using the DNS 
barley p-gfucan method. Enzyme activity was measured between 30 and TO %, The 
optima! temperature las between §0 and 80 *C with the greatest activity being measured 
at 80 *G, The results in detail, in the farm of stable vs. temperature are given. 



Temperature 


Activity 


(lU.mT) 


(%} 


30 


247 


32 ! 


40 


541 


70 


50 


775 


toe ] 


80 






70 







2.2.2. Activity endO-1,4-p-xyianase 

The assay of endo-1,4-f~xyianase from Penititiium fumubsum was carried out 
under standard conditions at pH 5.5 and pB 3.5 using the DNS bifchwbod xyian method, 
enzyme activity was measured between 30 and 70 °C. The optimal temperature lies 
between 50 and/80 *C with the greatest, activity being measured at 50 *C for pH 5,5 and 
at 80 °C for pH 3,5. The results In detail, in the form of a table vs. temperature are given. 



Temperature 


Activity (pH B3) 


Activity CpH 3.5 i 


m 


ilUmV} 


{%} 


flUM 7 ) 


;'%'■ 


30 


2492 


41 


4334 


2''5 


40 


4042 


66 


8128 


42 


so" 


810? 


100 


18281 




~~w 


4802 


7S 


19155 


too 


70 


3851 




12730 


86 
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Enzymes produced toy Penklliium funicuiomm have high levels of eeifuiase, endo- 1,3(4} - 
B-gjucanase and other giyeaholyiic activities, in addition, ttey are also characterised by 
high levels of endo-l^B-xylanasa and xylanase accessory enzyme activities The broad 
spectrum of hemicelluioSytlc enzymes is a characteristic of enzyme preparations from this 
micro-organism. 

Each activity measured can reporter as a ratio to a major activity for that preparation. An 
example of obtained results is shown in table A. These ratios may change in 
preparations from different fermentation batches, 



Table A ; Relative activities against relevant different substrates 



Methods used in the tests 


Results with PBnicMmm 


Ceiiulase (DNS CMC method, pH 5.0) £t .1 j 


3.14 


SifolFohydroiase (p-nitrophenyl ^D-c&ttoopyfanoside 
matted, pK5.05{i 


0.022 


f5-Giuccsidase (p-nitropnenyi p-D-giucoblopyranoside method, 
pH 5.0)11.3} 


QM7 






EndO'i3{4)'f; -giucanase {DNS baney p-giucan method, pH 5.0s 
[1.43 


7,23 


Endo-1 ,3{4}-p-gbcanase (azo-barisy p-giuean method, pH 4.S) 
[1.5] 


1*/- 


laminahnase (DNS iaminarin method, pH 5.0} |f .6] 


0,30 


Indori ,4^-xyianase (DNS bsrehwood xyian method, pH 3.5} 
>. ..... 




•Endo-1 ,4-B-xyianase i DNS wheat arabinoxyian method, pN 3.5} 

im 


8.6? 


Endo 1 , 4-p xyianase ( viscometpc wheat arahinoxyian mathsd, 
DH 3 5) 11.9] 


8,80 


fi-Xyiossdase f/Htitrophenyf p-D-xyiooiopyranosios method) 
1.10] 


0,004? 



SUBSTITUTE SHFFT ( rule 26 ) 



WO »'S732S 



21 



a-N-AVabsnoturanosidase (p-nitropbenyi a-L-ara^ : noIiranoss5« 
method} [1,11] 


6,0617 | 


Fsmloyi esterase {F,AXX method} [1,12] 


0.0002S4 J 


Peru icy! esterase (Ara 2 F rmthod} |1 , 1 3] 




Peotioyt esterase- (MFA spsctrophotomswc;fne*t<kj> ft .141' j 0.6601 3S 1 


Feruioyi esterase !>1GA spectrophotomstnc method} Ti,i 4j 0.800174 I 


Feruloyi esterase (MSA spectrophotometry method} [1.141 


0,000840 j; 


Feruioyi esterase {MpCA speetrophotometnc method) fi .14| 


0J0O21 § | 


3 - Properties, of components in the enzyme mixture 



& 1, Purification methods 

HytiM0fm&!G interaction ChrotrntograpHy 

The preparation obtained after filtration and concentration of the fermentation medium, to 
ii£j mg/mS protein concentration, was diluted 1/1 with Hydrophobic Interaction 
Qhrqmatogaphy (BSC) buffer (SO mM phosphate buffer, pH 7.0/1,7 M (NH 4 } a SO4/0,D4% 
sodium aside), exchanged into NIC buffer (PD-10 columns • Phamaciaj, Portions (ID ml) 
were applied to a column (10 x 5 cm diameter, 200 ml) of PhenyiSepharosa^ high 
performance NIC gel (Pharmacia) and separated using a gradient of reducing 
ammonium sulphate {NH^SO^concentration (1.7 - 0.0 M) at 10 ml/min. Fractions (10 
ml) were collected and assayed for xylanase activity. 

NIC gave two major peaks of xylanase activity. The first, named A, eluted from the 
column when the NH^SQ^oncentration was reduced to about 0.6 M, while the second, 
named B, eluled at about 0,25 M NFUkSQ* concentration. Fractions comprising peaks A 
and 8 from each injection were pooled separately, In total fraction A corresponded to 2.8 
% of the total xylanase activity whilst; fraction 8 corresponded to 97,2 % of the total 
xylanase activity. The yield was 77%. 

Ion-Exchange Chromatography 

Pooled fractions for peak A and B from H5G were precipitated by increasing the 
NH«) 2 $0+conc®ntratiQn to 100% saturation followed by ceotrsfugation (10 OOOxg for 30 
minutes), Pellets were redlssolved In 20 mM Tri$-MCI puffer, pH 8.0/0,04% sodium aside 
and desalted to the same buffer using PO-10 columns. Samples (S ml) were a^pii&i to a 
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MorwQT* HR 10/10 anion~exchan§e {Phammm. p^vbusfy -equilibrated with 20 
mM Tris-HCI buffer, pH 8 J/0.04% sodium azlde and elutod at a mi/min with increasing 
conosnlratson of sodium chloride (MaGI (0 - 1 Mj in the same buffer. Fractions (2 mi) 
were collected and assayed for xylanase activity. 

Peak A : 

Separation of peak A by anion -exchange chromatography gave a single peak of xyi&nase 
activity which eiuted at about Q$m NaGI. The most active fractions were pooled and 
analysed by SDS-PAGE (sodium dodecylsulphate poiyacryiamide gel electrophoresis), 
This showed a single major band of molecular weight 48 kfta. Recovery of xylanase 
activity after IHF (isoelectric focusing} confirmed that this major Ooomassie--staioed band 
wee a xylanase. 

Peak B : 

Separation of peak B by anion-exchange chromatography gave two major peaks of 
xylanase activity, one of which eiuted in the void (unbound material: peak 84) and the 
other at 0.1 M NaCI (peak 8-H), There were also two minor peaks eluting at 0-13 M and 
S.10 Ni NaCi, Tile active fractions corresponding to each peak were pooled and analysed 
by SOS-PAGE,; Oof none of the samples were pure. 

Gel Mmiion Chromatography 

Pooled fractions comprising B-i and 8-1! were freeze dried., redissotved in wafer, end 
desalted (using PD-10 columns). Samples (0.2 mi) were applied to a Superdex™ 75 HR 
column (Pharmacia) and eiufed at 0.4 mi/minute with 20 mM Bls-Tns buffer, pH 8.0/0.2 
M MaCi/0.04 % sodium azide, fractions (0.4 m!) were collected and assayed for 
xylanase activity. 

3,2, Properties ®f %y(m3$®$ 

3.2.1 laeelectrio point by isoelectne foeusing 

isoelectric points of proteins are determined by standard methods using prs-cast vertical 
S% poiyacryiamide gels from NOVEX* for pH 3 - 10 and p.H 3 - ?. NOVEX* cathode, 
anode and i£F sample buffers, and standard protocol for isoelectric focusing, fixing, 
staining with Ooomassie R-250 Blue Stein, and destalning are used. 
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For xylanase A, a samps© following MonbG was used. For xyianases 8-1 and B-ll, a 
sample following NIC, xylanase 8, was used. For each of A and 8, a small sample (10 pi) 
was loaded into a single wsli and a large sample (§0 ni) was loaded into a triple well 
After focussing the samples, the gel was cut In half such that one half contained the two 
small samples (A*B) and the molecular weight maskers (this half was stained with 
Coomassiel while the other half eontomed the two large samples. The gei half 
containing the large samples was art to separate the two samples lanes, and 
subsequently each lane was fractionated into 2 mm pieces. Each 2 mm piece was 
soaked separately overnight in 100 mM MOPS buffer, pH 6-0/0,04% sodium azkte. 
Fractions were assayed for xylanase activity. 

For xylanase sample A, the stained IEF gel showed a single major band of pi 3.55 
marker and a few minor contaminating hands. Xylanase activity was found only in the 
fracfion corresponding to this band, confirming the xylanase major hand. 

For xylanase sample B. the stained IEF gel indicates several bands over a range of pi 
values. Xylanase activity occured In two separated fractions of the unstained gel and 
corresponding to proteins of pi 4.2 and 4.8. 

3.2.2 Molecular weight by SOS-PAGE 

To confirm the molecular weights of xyianases in peak B from NIC. the fractions with 
xylanase activity elufed from the IEF gel were desisted, freeze -dried, and separated by 
SDS-PAGE Denaturing PAGE was performed using 10% Ttis-giycine gels (NOVEX*) 
with dithiothraitol (DTI 50 mM) included In the sample buffer as a reducing agent. 

The stained gel Indicated that both xyianases were pure, with molecular weights of 36 
kDa and 15 kOa for xylanase 8-1 and xylanase B-ll respectively, 

Ail three purified xyianases were subjected to SDS--PGE analysis: xylanase A fraction 
after anion-axchange chromatography, xyaianase B-i and B-ti fractions after gel filtration 
chromatography. Xylanase A gave a single band of molecular weight 48 kDa. Xylanase 
B-I gave one major and four minor bands after Coomassie staining. The major band was 
confirmed as the xylanase since it was of molecular weight 36 KDa. The purity is 
estimated at 90%, Xylanase 8-11 gave a major band of molecular weight 15 kDa and 2-3 
minor bands. This xylanase is approximately 95% pure. 



SUBSTntTTE SHEET { rule 26 } 



WO 5W7325 



24 



Sample 


MM. (kOa) 


PJ. 


Xylanase A 


48 


3.55 


Xylanase 84 


38 


4 20 


Xy&nase B~\i 


IS 


4,80 



3.2,3 Ensyme activity 

The- tests for enzyme activity measurement are described previously. 
3,2.3.1 Analysis of xylanase A 



[Protein] 0,4 (mg/mi) 



inzyms assay method \ pu 


Eruyme activity 


.V»..— — — — — — — — — 1 ^ 




j (u/rog protein) 


GalSufase 

(DNS CMC method) [1.1] 


i 5.0 




: rva 


Ceibbsohytiroiasa 

(p-nitropbonyi p-O-csilobiopyranoside method) |t.2| 


| 5.0 


< 0,1 


...„™ 

a/a 

: 


Endo-t 5 3{4)-^-giucanass 

(DNS barley p-gtucan method) [1,4] 




< 1.0 


rva 


Lamnannase 

(DNS iarhjnadn method) |1.8} 


$.0 


nd 


n/a 


£ndo-1Ajj-xyianase 

{DNS birchwcod xysan method- [1.7] 




140 


____ 


Endo- 1 ,4-Mytanase 

(DNS birchwood xylan metbod) f 1 -7} 


3,S 

_J 


m 


39S 


Endo-l^-p-xyianaea 

(DNS wheat arabinoxyfan method) [1,8] 




152 


380 


Endo-l^p'xyianaee 


3*S 


171 


420 
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[{DNS wheat arabsnoxyian method) [1 .81 








Undo 1, 4f< xyianase 

t (vsseometric wheat arabsnoxyian method) p <§j 




4S6 


1140 



nd not determined 
?va not appiic&hie 



Xyianase activity .on bsrchwood xylan vs pH 



pH 


ENZYME ACTIVITY 


(iLi/mg protein) 


(% of maximum 
activity) 


2.00 


294 


73 


3.00 


353 


87 


3 50 


385 


95 


4,00 


405 


100 


§W 


345 


35 


S.50 1 340 


84 


8.00 


302 


7s; 


7,00 


212 


52 



3.2.3,2 Analysis of xyianase 8-1 



[Protein] 0.096 (mg/mi) 



Enzyme assay method 


pH 


Enxyms activity 








(ufmi) 


(u/mg protein) 


Ceiiuiase 

(DNS CMC iT^ihod) 11.1] 




26.5 


276 


CeiiGbiQhyoVola$e 

{p-nitropnenyi |i-D-cs!(qbiopyranoside method} [1.2! 


5.0 


0,541 


5.6 


Endo- 1 ,3{4)is-giucanase 

(DNS barley p-giucan method) [1 .4] 




?3<$ 


789 


Eaminannase 


§43 


< 0.1 


n/a 
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(DNS laminarm method) [1.6] 






Endo-1,4-p-xyianase 

(DNS btrchwood xyian method) [1.?] 


5.5 


SI, 3 


534 


End©- 1 ,4-6-xyianase 

(ONS birchwood xyian method) £1 .7] 




83.8 


871 


End'o - ! ,4- $ -xyknase 

(DNS wheat ambinoxylan method) |1 .8] 


5*§ 


93.2 


971 


6ndo- 1 .4-p -xy ianase 

{ONS wheat arabinoxyian method) [1,8] 




143.8 


1498 


Gndo 1 , 4-p xyianase 

(viseometfK wheat arablnoxyian method) [1,8] 


5J 


147 


1531 



n/a not applicable 



Xyianase activity on birch wood xylan vs pH 



pH 


ENZYME ACTsVITY 


(lU/mg protein) 


{% of maximum 
activity). 


2.00 


810 


70 


3.00 


755 


87 


3.50 


871 


100 


400 


802 


92 


5.00 


567 


65 


6,50 


534 


61 


8.00 


481 


55 


7.00 


404 


48 
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3.2.3,3 Analysis of xyianase 81! 
protein] 0.185 {rog/rni) 



1 Enzyme assay meihad j pil 

1 — ~ i ... 


Enzyme activity j 


1 




{u/mg protein) 


Celiuiase 

(DNS CMC method) ff.l] 


s.o 


< 1.0 


wa 


Ipmsfropnenys S-D-ceilobsopyranoside method) [1.2] 


s.s 




n/'a 


Endo-t > 3<4)-p«g]ucanase 

(DNS barley ^giucan method; (t .4] 


f .0 


ft 1.0 


n/3 


Laminarinase 

(DNS iarnmarin method) [1 .6) 


§,0 


nd 


rs/a 


Endo-!.4- : ;y-xyianase ~~ 
(ONS bsrchwood xylan method) p.?) 




141.9 




Endo-l. 4-p-xylanass j 
(ONS bircSiwood xylan method) |l j] j 




1382 


Eodo- 1.4-0 -xy ianaae 

(DNS wheat arabmoxyl&n method) j 1.8] 




152.6 


§25 


Endo- 1 ,4-ii-xy:anasfe 

(DNS wheat srabsnoxyian method) [1 .8] 


3.5 ; 


367.3 


1834 


Endo 1 . 4-B xyianase 

(vi&cometn'c wheat atafcinoxyian method) [i .9] 


S.S | 


262 

! 


1SS8 



m not determined 
o/a not applicable 
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Xyianase activity on blrehwood xyian vs pH 



pH 


ENZYME ACTIVITY 




(% of maximum 


2.00 


1374 


84 


3.00 


1523 


93 


3,50 


1532 


97 


4.00 


1630 " 


100 


5.00 


1093 


87 


5.50 


860 


53 


6.00 




27 


7.00 


156 


10 



%%A Sequences 

One embodiment of the: present invention is related to the amino acid md the nucleic 
acid sequences of the above described proteins or their variants. 

For this purpose, the sequences for xylanases were identified from amino acid 
sequences of purified proteins (xyianase A, xyianase &~\ and xyianase B-ii) and from 
comparisons of amino acid and nucleotide sequences of known fungal xyianases. 

It is understood for the Invention that variants refers to any polypeptide or any protein 
analog, protein fragment, derived or mutated protein from the native protein or 
polypeptide and having the same biological factions as the said native protein or 
polypeptide. Different variants may be exist at natural state. Those variants may be for 
example allelic variations characterized oy dlfferendes into the sequence of genes 
encoding for the said protein or may result from differential splicing or from post- 
traduottonal modifications. Variants are obtainable by substitution, deletion, addition 
and/or modification of one or more amino acids. The ail modifications are well known and 
can be performed by any method known of one skilled In the art. 
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Variants are molecules having for example more affinity for their substrate or having new 
biofegical properties. 

Another object of the present Invention is also the use of the sequences for the 
expression of the disclosed proteins or polypeptides in host ceils of uni- or piuriceilular 
organisms, For this purpose, the said sequences may be comprised into the genome of 
a vector. The said vector may be a piasmid, a phage or a virus, in hence, another 
embodiment of the invention is a host isolated cell from uni- or piuriceilular organism, 
transferee or infected by a vector as above described, in a preferred embodiment the 
host cell is a bacteria. 

The use o! said vectors comprising me nucleic acid sequence of the disclosed proteins 
for the expression of said protein in any host ceil is another embodiment of the present 
invention. 

3»2 A A Sequences of Xyianase C 

The production of probes was based on comparisons of amino acid and nucleotide 
sequences of known fungal xylanases. Conserved regions were identified and used to 
design PGR primers, whose products would be used to screen a genomic library of 

Two pairs of degenerate primers were made. The first pair were designed to amplify a 
200 pb {approximate} product from a xyianase type 8 (or type 2} gene. The second pair 
were designed to amplify a 250 bp product from a xyianase type A (or type i } gene, 

A 258 bp band was produced with primers 3 and 4. After cloning into pG&VTT and 
sequencing this was found to have significant sequence similarity to fungal xyianase type 
A/1. The piasmid containing the cloned product has been named pPFXYLA 

The complete sequence of xyianase C is shown in Figure 1 and In SEQ ID n°1 . 
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3.2.-4.2 sequences of Xylanase Bi 

The internal amino acid sequence, together wife sequence alignments of other fungal 
cejlobiohydroiases were used to design degenerate PGR primers (SEQ ID N*2 and fHl A 
200 bp product (SEQ ID H*4) was amplified and cloned Into pG£MT(Promega) to create 
PQEMTCB2 and sequenced. As shown in Figure 2, the primer sequences are underlined. 
This PGR product is currently being used as a probe to screen a Pmicttiium funimbsum 
IMH347SS genomic library. 

3.2.4.3 sequences of Xylanase Bit 

The all sequence of the xylanase Si? gene includes 1.3 Kb of 5' untranslated and 
upstream region and 0.85 Kb of 3* untranslated, a 54 bp Intron and 889 bp encoding a 
223 amino acid protein . 

Reverse tfanscription-FCR (RT-PCR) was used to prove; the existence of the $4 bp 
intron. Total HHA was isolated from mycelia of Peniaiiium fummiosum IMM347S0 
cultures, harvested after 4 days growth on 1% (w/v) oat spelt xyian. Primers were 
designed to amplify up to 105 bp fragment from messenger RNA (£40 bp from genomic 
DNA) and to 433 bp {48? bp with genomic DNA). 

Sequencing of 3 kb at the 3' end of the plasmid (pPFXYNC£ , revealed a gene 
(designated p&r A) that contains two putative introns and encodes a polypeptide of 
aprdximafivaly 570 amino acids. The polypeptide showed significant sequence similarity 
to fungal amino acid permeases. 

3.2.4.4 sequence of Xylanase A 

The interna! sequence of Xylanase A was obtained and is represented by the following 
amino acid sequence ; 

AEAINYNQDY 
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$.3 Properties of f&ntfay} mt&r&ses 
3.3.1 Purification 

II is carried out following the same process as for xylanases. 

The enzymes mixture contains at least two distinct fsrufoyl esterases. One of these 
(FaeS) has a molecular weight of 38,945 - 41.051 Da by mass spectrometry (35.450 Da 
from the- primary amino acid sequence and 37 kOa fey SDS-PAOE). FaeB has a pi of 4,2, 
if is a type 8 femioyi esterase and Is specific for MpCA and Ara# substrates (activity 
against MpCA, MCA, MFA and Ara 2 R hut not against MSA and FAXX). 

The other feruioyi esterase (FaeA) has a molecular weight of 2S k.Da (by SD8-PAGE). 
FaeA has a pi of- 4,65, it is a type A feruioyi. esterase and is specific for FAXX and MSA 
substrates (activity against MSA, MCA, MFA and FAXX but not MpCA Ara*F). 



3,3,2. isoelectric point by isoelectric focusing 

isoelectric points of proteins are determined by the standard methods. The enzymes 
mixture was applied as a wide strip (about 20 mm) to an IEF gel and electrophoresed 
at reduced temperature {5°C}. Alter focusing and band sharpening, the gei was cut 
down the middle of the sample lane. One half of the sample lane and the IEF 
standards were fixed, stained and destained using the standard protocol. The other 
half lane was cut into 2 mm wide sections and each section soaked overnight in 1 mi 
of 100 mfvl MOPS buffer, pH 6.0. Feruioiy esterase activity was determined for each 
section of the gel using MFA, MpCA and MSA as substrates. 

The stained IEF gei Indicates the presence of very many proteins in cellulose with pi's 
ranging from very acidic (pi 2,4} to about pi 7, Most of the proteins are acidic ipf range 
24 - 5). Two peaks of fern toy! esterase activity were detected in factions cut from the 
gel. One, corresponding to FaeB. had a pi of 4,2 and activity only against MFA and 
MpCA (not MSA} , The other, corresponding to FaeA, had a pi of 4.65 and activity 
against all three substrates tested , 
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3.3.3 Molester weight fey S0S-PAGE 

Molecular weights were analysed by SPS^AGE using 10% Tris-Giycine gels, 8DS- 
PAGE gels were run, fixed, stained with Coemassie Blue Stain and designed using the 
standard protocol , 

The enzymes mixture contains at least tm distinct feruloy! esterases. One 
corresponding to FaeB (pi 4.2) has a molecular vNgm of 37 kDa, The other, 
corresponding to FaeA (pi 4,B5) has a molecular weight of 29 kDa . 

The molecular weight of FaeB Is estimated at 34,450 Pa from the primary amino acid 
sequence, and at 38,945 - 41 ,051 Da by mass spectrometry . 

3.3.4 f eruioyi esteass activity 

Assays for femioyi esterase activity performed on the enzymes mixture using the 
spsctrophotoroetric method 



Substrate j 


Activity 


{ (U/mi) 


(U/g protein) 


Methyl ferulate UFA (0.1 mM) 


0.086 


7.9 


Methyl caffeate MCA (0. 1 mM) 


0.111 


10.3 


Methyl sinapate MSA (0.1 mM) 


0.031 


2,9 


Methyl p-ooumarate MpCA (0,1 mM) ]~ 


0.138 


12.7 


FAXX {0.05 mM) 0.162 


15.0 


Ara a F (0.05 mM) 




20.6 



The enzymes mixture contains activity against all the substrates tested. With the methyl 
esters, activity is highest against Mp6A and lowest against MSA, The activities against 
AragF and FAXX are higher than against the methyl esters which is indicative that the 
esterase activities are due to true feruioyl esterases and not general esterases or side 
activities of other ceil wa^degrading esterases (s.g, acetyl xyian esterase, pectin 
esterase). 
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3.S.S sequences 

3.3.5.1 sequence of FEA-A 

According to trypsin digests of the purified protein interna! amino add sequences were 
obtained as shown as following ; 

QYTLTLPSNYNPNK 

SeayfflmE 

AVAVMSGANL 

SftBM!»nc»,3 

TEYSG(C/A5DS£HPVWWIAFDQP 
DTFVK'DDHCTPTNPPAPAAQSGTHiKYV 

Several begenaie PGR primers were designed from amino acid sequences obtained 
from the purified protein, Many products were cloned into pGEMTfPromega) and 
sequenced. 

A plasmid named pGEMTDlS {180 bp) (Figure 3} was found by PGR to contain 
sequence that was recognisable as peptide sequence 4 shown above, As shown in 
Figure 3, the primer sequences have beers double underlined previously known 
sequence, singly underlined. 

The nucleic acid and amino acid sequences of FAE-A are didosed in SEQ ID n« 5. 

3.3.5.2 sequence of FEA-B 

Primers designed from peptide sequence of FAE-B ware used to amplify up a prooe, that 
was su&sequertfly used to screen a PmiciBium hmhukmm genomic library, A 2291 bp 
clone was isolated and has been sequenced (SEQ ID rf 6). The gene encoding for a 304 
amino acid polypeptide and has una putative intron. The predicted amino add sequence is 
shown In Figure 4 wherein the mature protein (mature protein tength*338) Is In Bold, This- 
protein comprises two distinct domains separated by a highly glycosylated linker. As 
shown in Figure 4, the catalytic domain is in Bold, whereas the binding domain Is in Bold 
double underlined and the linker is represented In dotted Bold line, 
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The protein is aisq featured by a putative active site motif fsehne-nudeopNie} as 
shown underlined in Figure 4 with ibe-i^towi^ FuiatrWegM^ie tr&<te; • 

(1}S136/D174/H216 

(2) S138/Da20/H27S. 

The FAE-B protein comprises also a secretion sequence (353) and 10 cysteines. 



3.4 PmpBtitm afglucamms 

The enzymes mixture was subjected to 20 gel electrophoresis, IEF was carried out 
using pte-cast vertical 5% poiyacryiamide geis from NOVEX* for pH 3 - 7 {pi 
performance range 3,0 - 8.5; in the NOVEX* XGeli tt m Mini-Ceil NQVEX* cathode, 
anode and JEF sample buffers for pH 3 - ? and the NGVEX® standard protocol for 
isoelectric focusing are used, One ian&'^:'^ft.?»ft''--ai^ -electropfcoresad in the second 
dimension using a 10% Laemmli SOS-PAGE gel. A second lane was separated from the 
gai, cut into 35 fractions, the gel strips soaked in buffer, and fractions assayed for 
enzyme activity, The third lane was left on the gel, fixed, stained with Goomassie R-250 
Slue Stain and destained using the NGVEX* standard protocol 

Significant endo-1 < 3(4}-0-giucanase (DNS hariey B-giucan method) and ceiiulase (DNS 
CMC method) activities were found in fraotions corresporKfing to proteins with pi 4,2, 
M.W. 36 kDa and pi 6.4, M.W. 2? KOa, To eliminate Xyianase Bl as being in one of the 
fractions, the fractions were tested for activity using the DNS birchwood xyfan method. 
No xyianase activity was detected in the fractions corresponding to p-giucanase or 
cellulose activities. 
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ys tjf drawin gs 

Figure 1 :. PenteWum tunfcUI&sam xylanase G proteift amino add sequence 

Figure 2 : Nucleotide and amino acid sequences of xylahase 8) (XynBi) PGR product 

Figure 3 : Nucleotide and amino add sequences o! Feruloyl estease A (faeA) PGR 
product 

Figure 4 ; Fmicfflum funtculosum Feruloyi estease 8 (iaeB) protein (FAE-V or FAE-I) 
amino acid sequenca 

,£ Uses of enzymes mixture to feed animate 

S&imfei&Xl Evaluation of Enzymes Preparation produced by Pmicififum fuwajimtsm 
efficacy on energy value { AMEn) of mixed wheat-barley diet in Broilers, 

The asm is to demonstrate the efficacy of enzymes (activity of p-Qlucaoase : 100 U,kg v1 
and activity ol xylanase : 1100 U. kg' 1 } on .Apparent Metabotabie Energy corrected for 
nitrogen balance iAM&n) of a diet containing 50 % wheat and 22 % barley. 
Experiences are led on Control and Enzymes Preparation (activity of p-giucanase : 100 
U.kg' 5 and activity of xylanase ; 1100 U> kg' 1 } using the European Reference Method 
(Bourdiljen et ai„ 1990} with ad libitum feeding and total excreta collection between IS 
and 21 days of age. 

a. Material and Mmtrods 

Slrds ; broad and breeding conditions 

Day old male Ross broilers are reared In coilective batiefy cages till 12 days of age. They 
are red a standard starter diet. At: day 12, birds are weighed end equally distributed Into 
10 individual cages per treatment and were then fed the experimental diets for the 
adaptation period {minimum 5 days). 

Standard temperature and humidity programs are applied,. The lighting program is kept 
constant 23 hours light and 1 hour dadcness up to the end of the trial 
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Feeds : Birds received a starter diet fmm : day old to: ig days of age and then the 
experimental feeds, 

Experimental diets 

Feeds contained SO % wheat and 22 % barley (Table 1.1), Enzymes Preparation was 
sprayed onto 20 kg of crumbles, 

in-feed enzyme recoveries are measured fey viseometnc method (Sabatier and Fish, 
1996K 

Measurement of m&taboiixabJe energy 

The balance starts PI 8 according to the following procedure : 

D 17, birds were fasted overnight : 

D 18, birds weighing, clean collection trays ; 

D 19, faeces were collected and frozen ; 

P 20, faeces were collected and frozen, overnight fast t 

D 21 ( faeces ; were collected and frozen, birds weighed and: rated. 
Faeces are then freeze-dried and ground as feed (1 mm, Retsch grinder). Gross energy 
of teed and excreta are measured on an SKA C50QO adiabatic calorimeter, Protein 
(N*e.2S ! Kjaldahi method Z130) and lipid (method Zf 60) contents are also determined, 
Gorrecfioh for nitrogen balance was applied using 18 % protein in the weight gain, 

& B&sufls and discussion 

Apparent Metabolteable Energy corrected for nitrogen balance (&ME H ) 
Zootechnical performances and Metabolisabie Energy are presented Table 1.2, There 
was no difference in zootechnical performances between treatments. 

in growing broilers, Enzymes Preparation improves AME H of a 50 % wheat and 22 % 

barley-based diet by 8.2 % (+ 204 kcai/Ng DM (Dry Matter}), 

Moreover, variability In energy digestibility was decreased from 80 to 62 kcaLkg DM, 

This high Improvement demonstrates the interest of both activities fxyfanase and 3. 
giucaoase) produced by PenWUm. funiwiosum to hvdroiysed soluble non starch 
polysaccharide of wheat and barley. 
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Table 1 .1 ; Main ingredients and analysed characteristics of experimental diets 



Composition {%; 




Wheat 




SO 




Barley 




22 




j Catiofa mm 




8 








S 




Soybean meal 




8 




Meat msai 




5 




Fat 




8 




VitaiT^ns/minsmis 




2 




| Characteristics (%) 


Control 


Enxymes 


DM 


89? 




89.8 


Crude Protein 


20-8 




20.7 


Fat 


5.4 




5.6 



Table 1,2, ; Effect of Enzymes Preparation produced by PmicMmm funieulasum 
on growth performance and apparent metabolizable energy in broilers receiving a 
SO % wheat and 22 % barley-based diet. 





Centre! n~1S 


Enzymes n-1 Q 


Dietary Gross Energy (kcai/kg DM) 


4609 


4351 


Body Weight gain {g) 


156 x 19.8 


1 54 ± 22.3 


j Feed intake sg/day) 


104 ± 18.8 


89,7 + 10.1 


FCR {g/o} 


1.99 tO. It 


1.95 ±0.1? 


| Fecal DM (%) 


34,7*3.7 


35,6 ± 8.3 


i AMEidkeai/kgDM) 


32S2 ± 80 


3456 * 52 


AM£« (kcai/kg) 


2913** 71 S 


3085\-SS | 
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Exam^klJ Effect of Enzymes Preparation produced by Penietthum funicubsum on feed 
digestibility in wheat-fed broilers. 

The trial was performed to determine: the effect of Enzymes Preparation produced by 
PenicMum funiouiosum (activity of jS~giueanase ; 10Q UMff' and activity of xyianase : 
1100 U.kg' 1 ) on Apparent Metabollsabie Energy (AME), protein and lipid digestibilities in 
broilers fed a diet containing 54 % wheat. Trie interaction with grinding was aiso 
investigated. 

(1) Controi i (54 % ground wheats 

(?) Control 1 + Enzymes Preparation (activity of B-giyeanase : 100 U.kg' ! and 
activity of xyianase ; 1100 U.kg""} 

(3) Controi 2 (30 % whole wheat, 24 % ground wheat) 

(4) Control 2 + Enzymes Preparation {activity of fS-giucanase : 100 U.kg' 1 and 
activity of xyianase ; 1100 IXjsg* 1 ) 

according to the European Reference method (ad libitum feeding and total excreta 
collection from 18 to 21 days of age} (Soiirdilion et al, 1990;. 

a Material and Methods 

Birds ; bmed and breeding conditions 

Pay-old Ross male chicks are reared in collective battery cages up to 12 days of age, 
They are then transferred to individual battery cages for digestive balance. 
Standard temperature and humidity programs are -applied. The lighting program was 23 
hours light and 1 h darkness up to 8 days of age. it was then modified to 15h30 light 
8h30 darkness due to a layer trial run In the same building. 

feeds : Birds received a standard starter diet up to 12 days of age and then the 
experimental feeds. 

Experiments! diate 

Experimental diets contained 54 % wheat. Characteristics are given Table 2.1. Diet 
composition is reported Table 2.2. 
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Measurement of apg&rfent matabofisa&ie energy 

The balance starts on Day 1 7 accorai^ -|B tbe?foMRi .schedule : 

0 1 7, birds were fasted overnight- : 

D 18, birds weighing, clean collate trays ; 

D 19, feces were collected and freexed ; 

D 20, feces were collected and freezed, overnight fast ; 

D 21, feces were collected and teezed, birds weighed and refed, 
Feces are men freeze-dhed and ground -as- feed {1 mm, Retsch grinder). Gross energy of 
feed and excreta are measured on an SKA CS000 adiabatlc calorimeter. Protein (N*S.2S f 
Kjeidahl method 2130 for feeds and 21 35 for feces) and lipid {method ZT80) contents 
are also determined. 

An amino acid profile is also performed by HPLC (method 2100 for feeds and Z080 for 
feces). Phosphorus content of feeds and excreta was measured using the AF'NOR 
method (NFV1S408). 

& Remits -arid discussion 

Apparent UletabsHsable Energy (8MB) 

Growth .performance and mefabofeaoie energy data are presented: Table 2.3. 
Performance {weight gain, feed intake), measured over the three day period, .'did not 
differ between treatments. AMS of the control diet containing 54 % ground wheat was 
31 73 kcai/kg. Metahoiisabie energy of the diet containing the same total amount of wheat 
but of which 30% is as whale grain, is increased by 1 00 kcai/kg compared with the 
theoretical value. Moreover, variability appreciated by the standard deviation of the 
different critehons measured Is also reduced with whole wheat. 

Enzymes produced by PeniciHium funiwiosum (activity of e-giyoanass : 100 U,kg' : and 
activity of xylanase : f ISO UMg ' 1 } enhances metaboiisabie energy value of a 54% 
wheat-based diet by t 3.4 % (122 keal/fcg DM) if all wheat Is ground and by *2.?% 
(101 kcai/kg DM) it 30 % of the wheat Is included as whoie grains. 
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Apparent digestlfeility of nutrients (lipids, proteins and amino acids) 
When all wheat is- ground, apparent lipid and proie?n digestibilities are increased by 7 and 
2.7 % respectively, with Enzymes Preparation of Panmllwm fumwiomm, With part of the 
wheat as whole grains, the increase is less : 4- 3 arid *0j % respectively, due to an 
overall enhanced nutrient digestibility. Indeed, nutrient digestibility with control diet 
containing whole wheat was similar to that of the experimental diet conainlng only ground 
wheat but supplemented with Enzymes Preparation. 

Enzymes Preparation effects on apparent amino acid digestibility is presented Table 2.4. 
The improvement with Enzymes Preparation reaches on average + 23 % with all wheat 
as ground wheat arid -M ,1 % with whole grains, confirming the affect on apparent protein 
digestibility. 

Apparent phosphorus retention and phosphorus excretion 

Enzymes preparation effect on apparent phosphorus retention is presented Table 2.5. 
Apparent phosphorus retention is significantly increased with Enzymes Preparation 
addition : * 8,0 %, This increase Is greater than those observed for the other nutrients 
'.{* 2.9 to * 3,5 % depending on the criterion : AME. proteins, lipids, amino acids), Such 
an increase might thus result from improved nutrient digestibility (direct effect of xyianase 
and p-giueahase) but also from a better action of the wheat pbytase. When hydfoiysring 
non starch polysaccharides^, xyianase and p-giucanase give more accessibility to phytic 
acid for the endogenous wheat phytass. 

This better digestive utilisation of phosphorus thus reduces phosphorus excretion : - 8 
% when expressed as g phosphorus per kg weight gala 

Table 2,1 : Wheat characteristics {%) 



% wheat 
k,-^-^-.-.-.-.-.,^ ^ .^.^ 


j Dry Matter 
Crude Protein 


88.2 


Lipids 


10. 87 
1 .65 


i p-rJiucans 


0.7? 


Pentosans 


U.8 


Relative Viscosity 


pH-4J : 1,34 


(mPa.s; 


pH-1;5: 1,29 
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Table 2,2 ; Composition and Characteristics of experimental diets 



Diet 


ground wheat 


whole wheat 






Composition |%) 






Ground wheat 


53.84 




Whole wheat 


0 


30.0 


Animal Fat 


3.52 


3.52 | 


Soybean meal 4ft 


18.26 


18.26 


Meat & Bone Meal 


5.64 


5.64 


Pea 


7.0 


7.0 j 


Whole Rapeseed 


10.0 


10.0 


vitamins / minerals 


1.74 


1 .74 


Characteristics (%) 




1 


ME (kcai/kgi 


■ 


3.138 


Protein 


20.6 


£0,5 


Fat 


9.8 


9.8 


Lysine 


1.05 


1.04 


Methionine 


0.45 


&4S 


Met + Cys 


0 85 


0.85 


■Calcium 


0.90 


0.30 


Available P 


8.35 
».-.-.-.-.-^.-.-.-.-.-.-^ 


0.35 
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Tmi& 2.3 : Effect of Enzymes Preparation (activity of p«gtucanase : 100 U.kg ' and 
activity of xyianase : 1100 Itkg* 1 ) on AMB 0f a wheat-based diet (§4% ground 
wheal or 24 % ground. * 30 % whste Wheat) in. growing broilers. 



Diets 


! 1 2 3 4 


j 


Ground wheat Ground wheat Wholewheat Whose wheat * j 
* Enzymes Enzymes 


| Weight Gain (g) 

1 Daily P«ed intake (s/day) 
FCR ;i (g/g) 

! 

1 Apparent Protein Digestibility 

..{%) 

Apparent Lioid Oigestihily (%) 


172 * 11.8 1 70 .t 13.1 16?*8.S 185 .t 12.0 
*.c*. * *.u.o (d/sj -tl /^ 2/4*15.5 2S7..+ 14.0 i 
34 1 6.8 91x5.7 9! * 5.2 89 +4.7 | 
1 .84 1 0.05 1,80 ±0 06 1,84 ±0.05 1.83*0.09 
83.8 1 1 .08* 85.9 ± 1.14* 83.5 ± 0,77* &7$<±MM j 

82.2:;. 2,5 s 88.0*2.1* 86,6 ± 2.45 s 89.2 ±1, 35* | 


1 » fkeai/kg 

\ ' " - 


3577x78* 3889 ±85* 3878x35° 3779 ±34 ¥ | 
3194 ±67 3303 *78 3284 t 31 3375 i 31 | 



1, : airway analysis of va«anee. dial sffed. n • 47;*. b ; vsiuss felipwed with *he same superscript setters 

rjo mi mt$* m i?<o.05. 

2 : two-way analysis pi variance, r? »• 47 (wheat : 54 % ground or 34 % ground + 30 % whole : era : without 
of with 0,2 Mi Xylan}. 

3 : FOR : Feed Conversion Ratio tg feed ; g gasru 
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Tafete 2,4 : Effect of Ensymss Preparation on apparent digestibility of amine acids 
{%} of a 54 % wheat based diet in §mwm§ broilers (one sample of mixed excreta 
per treatment) 



Ground Wheal Ground * Whofe Wheat 





T<§moln 


Enzymes 


Tewoin 


Enzymes 






Pfeparatstm 




Preparation 


Nitrogen 


83,4 


85.3 


88,4 


87.1 


ASP 


788 


80.9 


82.1 


82.7 


THR 


?4,a 


75,3 


78.0 


79.8 


SER 


79,5 


82.1 


83.0 


833 


GLU 


87.9 


89.6 


80.7 


91.4 


PRO 


84.8 


87. 1 


87,7 


88,7 


GLY 


77.1 


?9.S 


80.7 


82.0 


ALA 


74,6 


76.9 


78,2 


80. J 


VAL- 


78,6 


80.8 


81.8 


830 


UE 


80.6 


83.0 


840 


86.0 


LEU 


82.1 


S4.3 


8S.3 


88.4 


TVB 


80.9 


85.0 


83,7 


84,4 


PHE 


83.7 


8S.9 


87.1 


87.8 


LYS 


806 


83.1 


83.9 


84,8 


RiS 


81.7 


84.8 


85.0 


88.0 


ARG 


84.8 


87.6 


88.1 


89,0 


CVS 


70.8 


72.8 


76,5 


77.0 


MET 


87.2 


88.5 


88,5 


88,4 


TRP 


79.5 


82.7 


83.3 


84.? 



>» » »»»! 
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Tab!® 2,8 i Effect of Enzymes- Preparation on phosphorus (P) exorstien and 
apparent retention of phosphorus of wheat-based diet {S4 % ground wheat) In 
growing broilers fn~12J 



Diets 


1 


2 


Enzyme effect 




Wheat 


Wheat - Enzymes 
preparation 


! 








P 


Apparent P Retention (%} 


37.9 *■ 3.0 


40.5 ± 2.8 


0.04? 


Excreted P (g/birdl/3 days) 


124-0.13 


1.14x0.1 


0.071 


P Excretion (g/kg gain) 


7.2 •• 0.5 


6.7x0.5 


0.034 



Example, 3 : Evaluation of Enzymes Preparation on AME^ of a wheat based diet isl 
growing turkeys. 

The aim of this assay is to -demonstrate the efficacy of Enzymes Preparation from 
Pmciifsam fumcuiosum (activity of ff-pjueanase : 100 U.kg' 5 and activity of xyianase : 
1100 U-kg' 1 ) on Apparent Mefaboiizabie Energy CAME) of a wheat-based diet according 
to the following experimental design ; 

(1) Control 

(2) EP 1 ; Enzymes Preparation (activity of p-giueanase : fOQ U.kg 5 and 
activity of xyianasa : 1 100 U.kg '*') ; 

{3} EP 2 : Enzymes Preparation faetivity of [Vgiucanase .; 150 U.kg' 1 and 

activity of xyianase ; 1650 U.kg" -} .; 
using the European Reference Method {Bsurdiiipo ef aL 1990) with ad libitum feeding 
and total excreta collection between 33 and 37 days of age. 
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a. Material and Methods 

Birds ; breed and breeding conditions 

Day old male BUT3 turkeys were reared Irs collective battery cages up to 20 days of age. 
They were then transferred to individual battery cages for the digestibility balance after 
an adaptation period of at least ? days. 

Standard temperature and humidity programmes ware appiied. The lighting program was 
kept constant 23 hours light and I hour darkness for the 2 first weeks and then reduced 
to 1 5 hours light for 9 hours darkness up to the end of the trial. 
Feeds ; Birds received a standard complete starter diet from day-old to 21 days of age 
and then the experimental feeds. 

Experimental diets 

Feeds contained 4? % wheat and 33 % soybean meal (Table 3.1), Enzyme spraying was 
done in on 20 kg pellets of control diets. 

Measyfernent of meta&oiizable energy 

At 0 21, birds were weighed and equally distributed in 10 individual cages pet treatment 

and were then fed the experimental diets. 

The balance starts D 33 according to the following procedure ; 

D 32, birds were fasted overnight ; 

D 33. birds weighing, clean collection trays : 

0 34 and D 35, feces were collected and freezed ; 

0 38, feces were collected and freezed, overnight fast ; 

0 37, feces were collected and freezed. birds weighed and rated. 
Feces are then freeze-dried and ground as feed (1 mm, Retsch grinder). Gross energy of 
feed and excreta: are measured on an SKA G5000 adiabatie calorimeter. 
The AMB is corrected for H balance by taking into account the body weight gain (g) and 
its nitrogen content (21 % crude protein}. 

Feces are then freeze-dried and ground as feed (1 mm, Retsch grinder). Gross energy of 
feed and excreta are measured on an IKA GStDO adiabatic calorimeter. Protein ?'N*&25, 
Kjeidahi method 2130 for feeds and Z13b for feces) Is also determined and an amino 
acid profile performed by HPLG (method Z100 for feeds and 2080 for feces). 
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h. Results and discussion 

Apparent MetaPoifsafeie Energy {MSB} 

Zooteehnieai performances and Mefabollsabla Energy are presented Table 3,2. There 
was no significant difference in growing performance during the balance between 
treatments. 

in growing turkeys, Enzymes Preparation improves AM£* of a wheat-based dief. by 2.2 
and 5,4% for EP 1 and BP 2 respectively. 

The high improvement observed demonstrates the interest of both activities (xyianase 
and jT-glueanase) contained in Enzyme Preparation to hydrolysed non starch 
polysaccharide of wheat for improving energy value of this cereal in growing turkeys. 

Table 3,1 : Main Ingredients and analysed characteristics of experimental diets 



| Composition {%} 




Wheat 

Extruded soybean 

Soybean meal 
I Meat meal 
| Pat 

! DiCalCiurn Phosphate 
Vitamlnsmiinerais 


47.55 
5.00 
33,00 
8.00 

4.00 
2,30 
0,85 
1,30 

w,™™w,wwwv«v« .... 


Characteristics {%) 


Control 


EP 1 




DM 

Crude Protein 
Fat 


89.0 
26.3 
6.4 


89,1 
28. f 


8S.8 
26.3 

j 
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Table 3,2 : Effect of Enzymes Pmparatfen on apparent matabolszable energy 
corrected for nitrogen balance (AMSmTqI a wheat«feesed diet in growing turkeys 
(32 to 37 days}- (means ± 80) 



i 


Control 


EP1 


EP2 


prod 


ability' 






n-12 


n-12 


enzyme 


doss 


i Gross Energy (kcai/kg DM) 

r 


4659 


4880 


4604 


effect 


effect 


Body Weight gain (g) 


341 ± 23 


338 ±38 


337.5 * 57 


NS 


NS 


Feed Intake (g/day) 


1 1 1 ±5.9 


107 ±8,3 


103 * 12.1 


NS 


NS | 


Feed Conversion Ratio (g/g) 


1 ,63 x 0.09 


1 .80 x 0.12 


1 .59 * 0.1 7 


NS 


NS i 


Fecai DM (%) 


26,1 rS.S 


26.5x2.2 


25.9 ±4.8 


NS 


NS i 


AMEf* {kcai/kg $Mf 


3025 ±86 


3032 ± Sg 


3191 ± 34 


0.0S7 




&M£& (kcafVkg) 3 


2700 ± 77 


2753 .t SO 


OftA.f\ js 


0.03? 


0.081 i 



' One-way anaiysss d variance : Enzyms effect ; n*60< a,fc - means jyst toifewed i>y » sam& fetter are 
signilscantiy diff'ersftt at p<0,05 ; Doss effect : 0, 0.2, 0.3 !••! 



jxampl© 4 , :. Evaluation of Enzymes Preparation produced by Pmicilfium funicoiosum 
efficacy of Wheat-based complete seed diet in growing pigs. 

The objective is to evaluate the effect of enzyme supplementation of wheat-based diets 
on energy digestion in the small Intestine of growing pigs. Enzymes Preparation normal 
level activity is 1100 U.kg ! for xyfanase and 100 DM* for B-giucanase. 

a. Material and methods 

Animals 

The treatments were tested according to a Latin square design with three diets and three 
periods and two pigs per dfef period. The diets were fed at fixed levels according to 
weight of pig throughout the period of the test. 
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Experimental diet 

A diet based on poor quality wheat and balanced with other typical lead ingredients was 
fed to six growing pigs (see table 4.1.). The diet was fed either : 

1. Unsuppiemented (basal); 

2. Supplemented (1) : with Enzymes Preparation at ix level (activity of p-giucanase : 
100.ll.kg" 1 and activity of xylanase : 1100 U.kg' 1 ) : 

3. Supplemented {2} : with Enzymes Preparation at 2x level (activity of s-ojucanase : 
200 U.kg 5 and activity of xylanase ; 2200 U.kg"'} ; 

Accurate dosing of the diet was achieved by diluting the Enzymes Preparation with corn 
starch to create a premlx which was then added to the act as appropriate. 

Sample collection 

Ileal juices were collected for a period of #8 hours each week according to standard 
procedures at the RPNA laboratories, A sample of the ileal juice and of the lest diets 
were analysed for energy by bomb caSorimatty by Sanders to determine digestible 
energy . Aliquots of the samples were stored for further analysis if necessary . 

Statistical analysis 

Digestibility of the crude energy was calculated from the results of the bomb caiofimetry 
of the ileal juices, feed and feed intakes. Analysis of variance was .undertaken on the 
digestibility calculations. 

Table 4,1 \ Ingredient and nutrient specification of the basal diet 



'eroemage inclusion 



Ingredients 



Wheat 



80.G 



Barley 



9.7 



Peas 



11.4 



Pish meal 



Sunflower meal (30) 



lysine 
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!¥i)i !<s? of !>J V««rn« :» 


3.75 


f Ck« 

Nutrients 


= 00.0 


Pfotsin 


14.9 


Dry matter 


84,8 


Digestible. Energy (kcai/kg) 


3150 


Fibre 


s:t 


Dig, lysine 


0.8 



b, Results and discussion 

The xyianase supplementation of diets of pigs increased the energy digestibility by: at 
least six per cent This indicates that the enzyme is increasing the breakdown of the raw 
materia! ceil walls (in particular, wheat} and the reiea.se of additional energy in the small 
intestine, 



Table 4.2 : Effect of Enzyme Preparation supplementation of Wheat-based diets on 
the energy digestibility of feeds given to growing pigs. 





Unsuppiemenled 
treatment 


Supplemented {1} 


Supplemented (2) p value 


Mean (%) 


70.1 


74 5 


75.8 <0.001 


Energy digestibility 


0.80 


049 


0,45 


% improvement 




6.2? 


7.87 



Effect of Enzymes Preparation produced by Penieiium funiculasurn on 
performance of straw, com silage, hay and: grass silage diets In ruminants. 

HFT test (Hohenheirnef Fut?arweries!en s fyienke M at. 1079, 1988) is an m vitro 
incubation test allowing the measure of raw materia! degmdatlon through the gas volume 
produced by the fermentation of these fedsioffs in a buffered rumen juice. 
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a. Materia! and Methods 

200 mg of dried and ground substrate is incubated witts 10 ml of rumen fusee plus 20 ml 
of buffer in syringes wbich are gently agitated on a rotor in a temperature control 
incubator (39 X). Volume of gas proctorf-are- re^stred M 24 hours. Blank (without 
substrates, standard hay control and standard concentrate control (with known value of 
net gas volume production) are used to correct the results and calculate a net volume of 
gas produced in 24 hours. The energy value and OMD (Organic Matter Digestibility) of 
substrates are calculated using volume of gas produced in 24 hours and predictor 
equations proposed by Menke et ai. (1988). 

Rumen juice is collected on 2 dry cows, rumen canulated and fed at 8 a.m. and 7 pm 
with a ration composed with 8 kg hay and 2 kg concentrate (ratio 75/25). Rumen juice 
collect is realized just before a.m. feeding. Rumen juice is filtered to avoid alimentary 
particdies passage and is maintained In strict anaerobic conditions. 

The aim of this thai was to test the effect of Enzymes Preparation application on the 
forage IS hours before HPT incubation, 

Pretraatment with Enzymes Preparation : the enzyme solution is spraid on the forage on 
the floor on straw, com silage, hay and grass silage. Spraying is realized with t ml of 
Enzymes Preparation onto 2 kg forage dry matter. Forage at the edge (about 10 cm} is 
rejected to improve the homogeneity of the sample. After treatment, the forage is mixed 
by hand and left at room temperature for 15 hours after spraying. HFF Incubation is 
carried out after 15 hours Enzymes Preparation contact through one serie and 6 
replicates per treatment. 

0, Results and discussion 

Net gas volume production at 24 hours is given in the table 5.1 for straw, corn silage, hay 
and grass silage. 

Application of eellulase on straw through pretreatment gives a 18 % net volume of gas 
improvement vs. control. For corn silage, this improvement is 8 % 5 for hay, 9,5 % and for 
grass silage 9 %, 

OMD is given in the table 5,2, for the different forage before and after pretreatment. 
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OM digestibility is respectively improved for 0m> mm sliage, hay and grass silage vs. 
control : 8,5'% straw, 5 % corn silage, 5,4 % hay and 5 % grass silage. 

15 hours preireatment of forages (straw, com siiage, hay, grass silage) with Enzyme 
Preparation improves intensity of mmm substrate incubation and OM digestibility of 
substrate. 



Table S.i : Net gas volume production at 24 Hours 



| RAW MATERIAL 


TREATMENT 




NET 6 AS VOLUME 
^t24 hours} 


Stat Sign j 


| STRAW 

S~~vw-w~~~^v..*w. ..w.v^. 


Control 
Ceiiuiass 


■<\i5f,,'>J. 


S (p<0.0S) 1 


CORN SILAGE 


Contra! 
Geliutass 


53,7 
57.8 




HAY 


Control 
Geliuiass 


39,5 
43,1 


{{x0,08> 

j 
1 


GRASS SILAGE 


Control 
Celiulase 


43,7 
47,7 


ip<om) | 



Table S,2 : GM0 



| RAW MATERIAL 

3— ......... -™™™™™™™, 


TREATMENT 


OMD 




Stat sign 


STRAW 


Control 


47,0 


0,87 


S (0<0,05} 




Csfiuiase 


51.6 


2.37 




CORt-4 SILAGE 


Control 


70,7 


tim 


S {p<0,05} 




Ceilulase 


71.2 


2,19 




HAY 


Control 


59.7 


0,77 


p<0,0S j 




Caiiuiass 


82,9 


3,2? 




GRASS SILAGE 


Control 


70.6 


0.72 


pxO.08 j 




Ceibiase 


74.0 


3,48 


! 
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ExaingteX; Effect of Enzymss Preparation produced fey P&nicmum furticubmm on 
performance ol wheat or barley-fed layers 

The purpose of this experiment was to .-evaluate toe effects of Enzymes Preparation 
addition on productive parameters of laying hens fed with wheat or barley-based diets. 

a. Material and methods 

Experiment design : 4 treatments x 8 replicates x 5 cages x 3 hens 
Treatments ; 1 , Control 1 : 60 % wheal 

2. Control t * Enzymes Preparation 

3. Control 2 : 60 % barley 

4. Control 2 * Enzymes Preparation 

Animals, housing and management 

The trial was conducted on four hundred and eighty brown hens of the Hy-Une strain. 
Each replicate was formed by live p®m> With: a ddrnmon feeder, 1,8, a total of thirty-two 
replicates of fifteen birds each. 

Distributed in tvyb identical rooms, the replicates had programmable llghtaend ventilation. 
The lighting program started with 14 hours of light per day on arrival of hens at 17 weeks 
of age, increasing every two weeks by 30 minutes, up to a maximum of 17 hours of fight 
per day. 

Hens were 22 weeks old at the beginning oi the experiment, that lasted during the first 
five months of laying period. 

Diets and feeding 

There were two experimental diets based on SO % of wheat {(tig? 1) and 60 % of barley 
(diet 2), and 10 % of sunflower meal Their composition is shown in Table 6.1. 
Cereals characteristics are presented Table 6.2. 
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Controls 

Chemical analysis : 

* Feed samples 

Quality control of experimental feeds was performed by analyzing dry matter, crude 
protein, crude fat and ash, 

Xylanass activity ff-1, T>2) and p-glueanase activity {1-3, T-4) were determined in mash 
issds. 

* Measurements 

Feed consumption and feed efficiency were recorded every four weeks. Hens were 
weighed at the beginning and at the end of the experiment. Egg production, egg weight 
and percentage of dirty and faulty eggs were recorded daily, during five periods o? tour 
weeks each. Mortality was checked and recorded dally, including the cause of death, 

b. Results and discussion 
Performance trial 

The productive parameters obtained during the trial are shown In Tables 8.3 to $.5. In the 
first two periods {from week 22 to SO) and m im overall experiment the percentage of 
dirty eggs was statistically affected: fey treatment (P>0,00S). Animals fed wheat diet 
without enzyme produced more dirty eggs. Statistically significant differences between 
treatments were found in egg laying percentage {P>d.0b) and in egg weight (P>0.005) 
from second period to the end of experiment. Animals fed barley diets presented higher 
egg laying percentage and produced heavier eggs than animals fed wheat diets. 
Enzymes Preparation seem to increase these parameters but not significantly at 0,05 
level of probability, 

in ail experimental periods, feed intake of animals from treatments T-3 and T-4 (barley 
diets) was higher than consumption of animals ted wheat diets, due to the energy levels 
of both diets (barley diets were formulated at 2600 kcai&g of energy while wheat diets 
contained 2800 keai/kg). Taking info account the different energy values of both types of 
diets and feed consumption of animals. In the: overall period ail animals presented the 
same daily energy consumption, 
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The feed efficiency (expressed as g feed/g egg) of experimental diets during the first 
period was very high due to the lew egg laying rate of hens during this period of time. In 
the first two periods, feed efficiency for wheat treatments was better than those obtained 
with barley treatments ; but in third period, when highest egg laying percentages were 
recorded, bath types of diets presented similar efficiencies. From week 34 to the end of 
experiment, barley diets presented better feed efficiencies than treatments with wheat 
Enzyme tends to improve feed efficiency (P>CX05). In the overall period g-giucanase 
improved feed efficiency of barley diet (wiin a P * 0.088f, 

Table 8.4 shows that wheat-fed layers supplemented with Enzymes Preparation tend to 
exhibit higher laying rates (+ 1.5 absolute points), greater mean egg weight (+ 0,3? g) 
and lower Feed Conversion Ratio (■ 2.7 %Hhan uh$upp!emented ones. 

Table 8.5 shows that Enzyme Preparation addition to barley-fed layers improved laying 
rate {* 4 %), mean egg weight {* 0.7 %) and Feed Conversion Ratio <- 5.7 %} compared 
with control barley diets. 



Table 0,1 ; Composition of experimental laying dleta 



| ingredient 




Wheat diet 


Bartey diet 




| Wheat 
I Barley 




60.171 


59.033 




\ Animal and vegetal 1 


at 130% 


4,0 


4.0 




I Mnoleie acid) 










\ Full fat extruded soybean 




11.412 


10.399 




| Soybean meal, 48% 




3.443 


5.705 




Sonffewer meal, 29% 




10.0 


10.0 




DL-methksmne 




0 091 


0.101 




| t-iysms HCi 




0.111 






Calcium Carbonate 
Oscaisium phosphate 




8.S85 
1.478 


8,546 
1.517 




Salt 




0.30 


0,30 




&feerai and vitamins prer 


nix* 


ft Af\ 


0.49 
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j Estimated nutritive value 






j Metai^ltsabie energy fktal/kg) 


2800 


2800 | 


j Crude protein 


16.0 


16.41 | 


i Crude fat 


7.48 


7.21 | 


1 Lysine 


0.7S 


0.7S | 


| ?«telhi©nsne 


0.35 


0.35 | 


| Methionine * cysteine 


Q.87 


0.89 | 


| Calcium 


3.78 


3.70 j 


| Inorganic phosphorus 


0,40 


Q.4Q 1 


Sodium/Chierfde 


ai6&2? 


0. IS/0,29 | 



mg ; Vitamin 81 : 1,5 rog : Vftarran 82 : 4 mg ; Viismso M : 2 mg x r mm\n 812: H.8 ft) ;R$iie acid- ; 0,06 
mg ; Bnim : 150 m ; Calcium Pa«to&na*8 : 1Gmg ; Nicotinic acid ■: 20 mg -Ma ; 30 wg.; Zo :50 ma ; i 
mg ; Fa : §0 m$ -, C« : 6 tog : Sss : 0,1 mg • Etoxiouir* : 185 mg, 

Table'' 6*2 ; Analytical composition of cereals 



ga 



j Ash 

| Crude fat 
j Crude fibre 
| Crude protein 

| Viscosity (pH 1,5 with inactivaiiors. in 
I Total p^iuoaos i% BM) 
1 Insoluble s$-$ucans {% DM) 
j Total pentosans 
\ Soluble pentosans 



Wheat (97855$) 


Barley (970257) 


10.65 


9,79 


1,57 


2,11 


1.76 


5.98 


2 43 


4,01 


10.85 


10,55 


0.78 


2,3i 


0.68 


3,57 


0.50 


1.56 


4.91 
0,51 


8.75 
0,30 
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Table 6-3 : Productive parameters from 22 to 42 weeks (compete experimental 
protocol) 



Tfesmsent 






Faulty 


igg Weight 


Peed 




Animal 


fvlonsli 




As 


% 


eggs (%) 


{0 


letaka (g) 


efficiency 


weight 


ty 


T-i 


75,6 b 


7,9a 


as 


gS,£Sfo 




0) 
2.158 


210.8 


m 

,7 


T-2 


77,1b 


6 .Sab 


1,5 




101.5b 


2.1 00 


222.8 


M 


T-3 


?8.0sb 


5,3b 


1.0 


83,78a 


1 09.4 a 


2,203 


231 8 


2.5 


T-4 


81.2a 


S.&afe 


1,0 


64,22a 


110.0a 


aw 


227.7 


5.0 




1.3 


0.4 


0,2 


0.4 


1.5 


0,028 


16.8 


1.4 


Traatment 


0,0402 


0,0039 


3 77S8 


tiQ03S 


Q.mm 


0.0858 


0.S506 


0.264S 


mm (?) 












__J_ L. , 



1 , cdmpansss fcitft a geneticaJiy psrisct hens (vaius given by h&ns suppser}. 

Values a^e means of eight repl'scates of 15 tens. Within columns, means foisow&d by a ditfaran! aupsfScnpf: 
ana siignilisamsy different {P « 0,05), 



Tiist® 64 * Effect of Xylan on laying performance of wheaMed layers (In absolute 
'values* and percentage 5 compared with control) 



| £2-28 
| 26-30 
1 30-34 
' 34-38 
38-42 



Laying rats {%)' 



Egg weight (§? 



Pead Conversion Ratio 



+ 1.0 


-0.3 


* 0.087 


- 1,9 




+ 0J 


-0.098 


- 4.7 


+ 1 .4 


* 0.8 


-0.039 


• 2.0 




* 0,6 


-0.039 


- 2.0 


+ 2.3 


-0.5 


- 0.042 




* 2.0% 


* 0.37 * 8,6% 


- 0,058 





I For tne 22-42 weak Defied 
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Table 6,5 : Effect of Enzymes 
layers (in absolute values 5 and 



mtmn on laying performance of 
^compared with control) 



laying rate (%)' 




* 1.0 
-0.5 
+ 0.5 
+ 0.8 
+ 0.3 



* 0,7% 



Feed Conversion Ratio 



0.381 
0 13? 
0,018 
0.067 
0.082 

0,092 



• 9,0 % 
-63 

•■ 0.8 

• 3.5 
-4.2 

• 5.7 % 



*• For ths £2-42 
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CLAIMS 



- 1 - New Pgnkstiiium furmuiosam deposited under the Budapest treaty SMI No 

378536. 

- 2- New enzymes mixture obtainable from Penititiium fumcuiosum deposited 
under the Budapest treaty mine international Myeoiopca! Institute under the number Ml 
378538. 

- 3 " New enzymes mixture obtainable tern p&ntcfflium fynkukxsum IMI 378536 
with at least for xyianase activities optimum pH comprised between pH 3.0 and 5,0 

- 4 - New p-gtucanase obtainable from PenktfiHom funtcufosum IMS 378686, 

- § - New femloyi esterases obtainable from Peniciilium funi&uiasum 
Mi 378536. 

- 6 - New enzymes mixture obtainable from Peiiciiiium fumcuio$um M\ 378536 
containing at least xylanases* B~giucanase$ eeliuiases and ferulolyf esterases. 

- 7 • New enzymes mixture according to claim 6 wherein the ratio between 
xyianases. as defined by the DNS wheat arablnoxyian method. pH 3.5, and 8-giucanases 
/eeliuiases determined by the DNS CMC method, pH 5.0, is comprised between 10 / 1 
and 1 / 4. 

- 8 - New liquid composition Gbtaioabie from Pmtmtliim hmiculosum Ml 378538 
containing : 

- Microbial products as total organic solids 4 % - 1 o % 



- anti microbial agent 

- sorbitol 

- anti freezing agents 

- concentrated filtered fermentation broth 

- buffered and adjusted to pH 3 to 5. 



0,005% - 0,35% 
30% - 50 % 
0 - 40% 
0.3 to 76 % 
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- 9 - New liquid compositions according to claim 3 wherein the ants fungi and/or 
ami bacteria are chosen from some add and sails, benzoic add and salts, methyl 4- 
bydroxybenzoate, n-propyl 44i¥droxyben2oate ; furamic acid, sails and esters, sodium 
chloride or potassium chloride. 

■ 10 - Mm liquid composition according to claim 8 or 0 wherein the anti-freezing 
agents are chosen from 1,2 -propandioi, sthyten glycol, glycerol. 

- 11 - New powder compositions obtainable from PeniciHium funicuiosm 
Mi 378536 having the fallowing composition : 

■ Microbial products as total organic solids i 8 % - 40 % 

- CaiTter 59 % ■■ 83 % 

- other dried fermentation broth components 1 %, 

- 12 - New powder composition according to claim 11 wherein the carriers are 
chosen from wheat flour, starch, gypsum, mattodextrin, corn solid, by-product from 
cereal processing such as maize grits, wheat middlings, wheat bran, rye tailings, 

- 13 - New use of the product of one of the preceding claims for feeding farm 
animals such as poultry, swine, ruminant, 

- 14 - New use of the product according to claim 13 for improving digestibility of 
cereals, such as wheat, barley, n/e : trlticale, oat rice ; oil seeds, such as soya, 
sunflower, rapeseed ; and cereal by-product such as wheat bran, 

- 15- New use of the product according to claims 8 to 12 for decreasing 
phosphorus excretion. 

-18- New use of the product according to claims 8 to 12 for increasing 
digestive utilisation of phosphorus. 

- 17 < New use of the product of claim 1 to improve aminoacid digestibility. 

- 18 •■ New use ot the product according to any claim to reduce the ammonia in 
the air of the batteries. 

- 19 - Pmiciitium fumufoStim comprising heterologous genes inclusions. 
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- 20 - Peniamm fwmuimum comprising modification of the genome with 
homologous genes by inclusion, delation of modsflcation of sad homologous gene. 

- 21- Mow polypeptide; having the amino acid sequence as shown in SEQ ID tf 1 
and figure i 

-22 - New polypeptide of variant thereof having the nucleic acid sequence as 
shown in SBO IDn* 1 

■ 23 - New polypeptide having the amino acid sequence as shown in SEQ ID n* 
4 and figure 2 

- 24 - New polypeptide or variant thereof having the nucleic acid sequence as 
shown in SEQ ID n* 4 

•25 - New polypeptide having the amino add sequence as shown in SEQ ID rf 5 
and figure 3 

- 28 - Mew polypeptide or variant thereof having the nucleic acid sequence as 
shown in SEQ ID r 5 

~27 - New polypeptide having the amino acid sequence as shown in SEQ ID o* 8 
and figure 4 

- 28 - New polypeptide or variant thereof having the nucleic acid sequence as 
shown in SEG ID n a 6 

-29 - New polypeptide having the internal amino acid sequence as follows : 
A£AINYNQDY 

- 30 - Nucleic acid sequence encoding for the xylanase C polypeptide or a 
variant thereof 

- 31 * Nucleic acid sequence encoding for the xylanase 8! polypeptide or a 
variant thereof 

• 32- Nucleic acid sequence encoding for the feruroyl esterase A polypeptide or 
a variant thereof 
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* 33- Nucleic acid sequence encoding for the ferumyl esterase 8 polypeptide or 
a variant thereof 

- 34- Vectors comprising nueielc acid sequence according to claims 22, 24, 26 
and 28 or claims 30 to 33. 

■35- Vectors according to claim 34 are plasmids, phages or viruses 

-36- Use of vectors according to claim 34 for the expression of new polypeptides 
according to claims 21 to 20 into host ceil . 

- 37- Host ceil transfected or infected by a vector according to claim 34 . 

•38- The host ceil according to claim 37 is Isolated from uni- or piuriceilular 
organism 

39- Use of host ceil acooroing to claim 37 for the production of new polypeptides 
according to claims 21 to 20 or enzyme mixture according to claims .2, 6 and % 
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&tttcgt*teag^ 

cagafcttegcsacag&a&a^ 
gg9t«&tatgga*gcg«ggcat^ 

cacacttggcgagsatcaaagaaccatttfiaatcaacj htQ etc TTC CTA OCrQCA ATT 

« & I> F J, A A I 

©ire err tsc oca act see oco aca sec txc cca tca gaa ctt cct caa c 

V r - c « * A A T A "F » S S L A Q i 
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Y S F W 1' N ! G G C F ^* * y ^ 
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gat cct err etc s»& the x&c jape ei<3 sk soc t»c osc acg rm. aac cm tca tcx 

p P L V S t Y I ti S § V G T Y S* P A S G 

C?T AC* TCA CTT OCC CAS CTC ACT SSO:.-G#P CC? GCC AGO; TAC SAT ATC XAC TCA ACC GAG 
1, t A I- 0 Cj V T S D G G T V f> I "£ S » Q 

CQT CTC AAC C&G CCY TCC iVi? GAG OCA ACT XCC ACC TTG AAC CAS TAC TCC TCft CTT GGC 

r v 8 Q P s r s q t $ i! .? t.'. Q Y sf S v » 

ACC SAG AAC CO A CSC OOC <3S& ACT CTC AGO ACS GCC AAC CAC TXT GCA OCA TGG AAG OCA 
? S X 8 V G 0 T V T T A $ H f A A W K A 

CTT GGA CTT OAS A TO 000 ACT TAT AAC TAT ATG ATT GXG TCC ACC GAA GGC TAG GAG AGC 
X, C L £ H G T 5? ?! X M T. V GTS S X S S 



SSC xcx AOX ACC atc AC A OTO TCC TAC ac&t«fe^c^»*ga<p^tJtgtt&«<Sa6«<3.stgi;S!CSjtt^ft 
s a S S T X T V s s 

asgcatcgacggc*^^^ 

efcfc&gcttst;fcggg»&£g«^&^^ 

g & g&p,sggceag&&&gp^ 

ocsaagggc&Sga&asa^ 

Stitagcgat&ttgA^tefcg^^^ 

gaqgattgggaaa^&aate&g^ 

Figure i (continued) 
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CCC AAG TAG GST &CG OQT TAT TG-T GAC TCT CAA TGC CCT CGT GAG 
A K Y Q T 6. Y C„ 3 g: Q C P R D 

TTG AAG TTC ATC GCT GGT CAG GCC AAC GTC GAG GGC TGG ACG CCT 

h K F I A G Q A S: V £: 0 w T * 

TCC ACC AAG AAG TCG AAC ACT GGA ATC GGC AAC CAC GGA TCT TGC 

S f W N S % T G X G N: H G S C 

TGC GCG GAG CT'T GAT ATC TGG GAA GGA AAC AGT ATC TCA GAG GCC 

G A E G D I W E A N S I S E A 

TTG ACT CCT CAC CCT TGC GAT ACA CCC GGC CTA ACT GIT TGC ACT 
h f & K I? C D T p Q L T V C T 

GCT GAT GAC TGT GGT GGT ACC TAC AGC TCC AAT CGT TAT GCC GGT 
A D D C 0 G T ■% & S ® R ¥ A_ G 

ACT TGC GAC CCC GAT 

T C D P D 



Figure 2 
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CCG GOT ACT CM CCT GTG OCA TMZ TAG GGA CAG CAT GOT GTQ ACT 
g § T Q g V AYYGQHGvS 
GAT ACS CTA CTG CCT TTC TCA "TTG GGA GAA GGG ATT AGG GAT ACG 



D T V L P F S L G E G 



TTT GTC MG GAT GAT CAT TOT ACA CCG AC A AAC CCG CCG GCC CCT 

F V. K D D H C T ? T JJ P F A P 

GCT GCT GGA AGT GGA ACC CAC ATC AAC TAT GTA 

A A G S G T H t K I V 



Figure 3 
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Figure 4 
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